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EXECUTIVE SUMMARY 
This study evaluates parameters relevant to River Protection Project (RPP) secondary waste 
streams generated during Early Low Activity Waste (LAW) operations and recommend a 
strategy for secondary waste management that considers groundwater impact, cost and 
programmatic risk. Results of the study will be used by the U. S.  Department of Energy Office 
of River Protection (DOE ORP) and the Interim Pretreatment System (IPS) Project to determine 
if additional systems are needed to mitigate potential groundwater impacts either within the IPS 
or in another part of the RPP Program. 
The RPP baseline flowsheet recycles the WTP LAW secondary liquid effluent to the 
Pretreatment facility, which incorporates more 99Tc into LAW glass. In the baseline, all WTP 
secondary liquid effluents are pumped to the Effluent Treatment Facility (ETF) for treatment. 
Under the early LAW scenario, early LAW operation does not have the ability to recycle this 
secondary liquid effluent to the WTP. Therefore, more 99Tc is directed to a solidified waste form 
through the ETF. Estimates during 2007 indicated an increased quantity of 99Tc in the secondary 
waste stream planned for treatment at the ETF when this stream cannot be recycled back to the 
WTP Pretreatment facility. This document compares groundwater impacts to baseline values 
and evaluates a variety of mitigating approaches. 
A life-cycle evaluation of tank waste treatment tracks contaminants of concern (C0C)- 
technetium-99 (99Tc), iodine-129 (lZ9I), mercury (Hg), chromium (Cr), nitrate (NO3) and 
uranium (U). Technetium-99 is a key COC since the mobile long-lived radionuclide is volatile 
in high temperature LAW melters resulting in relatively high concentrations in melter offgas 
condensates. Ratios developed from previous environmental calculations are applied to the 
primary and secondary waste streams to compare groundwater concentrations to baseline 
conditions. No new environmental modeling was performed since ratios derived from 2005 
calculations were used in the evaluation. Absolute groundwater concentrations are not discussed 
in developing this secondary waste management strategy. 
A parametric analysis was used to evaluate a range of values to understand the sensitivities of 
LAW feed, changes to WTP LAW secondary waste stream, groundwater recharge rates, solid 
waste form performance, and vadose zone distribution coefficients. Several mitigating 
approaches were considered in the evaluation including feed tank selection, removing 99Tc, 
concentration and recycle of the WTP LAW secondary waste stream and solid waste form 
performance. The bases for the recommended approaches consider the ability to mitigate 
potential groundwater issues compared to the baseline. Also, costs and programmatic risks of 
the mitigating approaches were compared to further differentiate approaches. 
The IPS proposes to pretreat selected LAW feed streams to the extent necessary to allow 
processing in the WTP LAW facility or a LAW supplemental treatment plant (STP) without 
initial processing through the WTP PT facility. The IPS Justification of Mission Need defines a 
treatment mission scope that includes early operations of the WTP LAW Facility or operation of 
a supplemental LAW immobilization technology. 
The recommended strategy for managing RPP secondary waste is focused on improvements in 
the Effluent Treatment Facility. U. S. Department of Energy Richland Operations Office 
.. 
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baseline plans to build a Solidification Treatment Unit adjacent to ETF should be enhanced to 
improve solid waste performance and mitigate corrosion of tanks and piping supporting the ETF 
evaporator. This approach provides a life-cycle benefit to solid waste performance and reduction 
of groundwater contaminants. 
This recommended approach will be further evaluated as part of the Secondary Waste Roadmap 
Meeting scheduled for July 21 ~ 25, 2008 sponsored by DOE EM-21. Nationally recognized 
subject matter experts will address the same RPP secondary waste issues addressed in this 
document and develop a technology road map needed to resolve the issues. The road map will 
further address technical, programmatic and regulatory uncertainties associated with the 
recommendation. 
A backup strategy, if solid waste performance improvements are unsuccessful, would be a 
recycle capability for transfer of concentrated liquid effluents from ETF to the DST system via 
pipeline or truck. This approach, while meeting near-term goals during early LAW operations, 
provides very little or no life-cycle benefit to the RPP mission after the WTP Pretreatment 
facility becomes operational. 
Both the recommended and backup secondary waste management strategies provide high value 
technical solutions with low schedule risk that are outside of the scope of the IPS project. The 
recommended and backup strategies are the lowest life-cycle cost approaches with adequate 
mitigation of potential groundwater contamination compared to baseline values: 
. Improve solid waste performance: Evaporator upgrades at ETF and solid waste 
performance testing program ($35M to $40M) 
. Recycle to DSTs: ETF evaporator upgrades and new transfer capability at ETF 
($35M to $45M). 
The recommended strategy includes an allowance of -$5M for additional solid waste 
formulation and performance testing which is estimated to meet the higher solid waste 
performance level. This includes $4M for lab testing and support and $lM for an independent 
external review ofthe program. The $5M is included in the $35M to $40M range shown above. 
... 
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1.0 INTRODUCTION 
The purpose of this study is to evaluate parameters relevant to River Protection Project (RPP) 
secondary waste streams generated during Early Low Activity Waste (LAW) operations and 
recommend a strategy for secondary waste management that considers groundwater impact, cost 
and programmatic risk. Results of the study will be used by the U. S. Department of Energy 
Office of River Protection (DOE ORP) and the Interim Pretreatment System (IPS) Project to 
determine if additional systems are needed to mitigate potential groundwater impacts either 
within the IPS or in another part of the RPP Program. 
A life-cycle evaluation of tank waste treatment tracks contaminants of concern (C0C)- 
technetium-99 (99Tc), iodine-129 (lZ9I), mercury (Hg), chromium (Cr), nitrate (NO3), uranium- 
238 (238U) and uranium (U). Technetium-99 is a key COC since the mobile, long-lived 
radionuclide is volatile in high temperature LAW melters resulting in relatively high 
concentrations in melter offgas condensates. The tank waste inventory is derived from ORP- 
11242, River Protection Project System Plan, which partitions the Best Basis Inventory into 
liquid and solid streams. 
Ratios developed from previous environmental calculations are applied to the primary and 
secondary waste streams to compare groundwater concentrations to baseline conditions. No new 
environmental modeling was performed since ratios derived from 2005 calculations were used 
RPP-RPT-37947, Extraction of Groundwater Impacts from the Integrated Disposal Facility. 
Absolute groundwater concentrations are not discussed in developing this secondary waste 
management strategy. 
A parametric analysis was used to evaluate a range of values to understand the sensitivities of 
LAW feed, changes to Waste Treatment and Immobilization Plant (WTP) LAW secondary waste 
stream, groundwater recharge rates, solid waste form performance, and vadose zone distribution 
coefficients. Several mitigating approaches were considered in the evaluation including feed 
tank selection, removing 99Tc, concentration and recycle of the WTP LAW secondary waste 
stream and solid waste form performance. The bases for recommended approaches consider the 
ability to mitigate potential groundwater issues compared to the baseline. Also, costs and key 
programmatic risks of the mitigating approaches were compared to further differentiate 
approaches. The study evaluation, compositions, approaches, and tools will be available to 
support an EM-21 sponsored Secondary Waste Roadmap Meeting planned for July, 2008. 
2.0 BACKGROUND 
The DOE Hanford Site RPP mission includes tank waste retrieval, waste treatment, waste 
disposal, and tank farms closure activities. This mission will largely be accomplished by the 
construction and operation of three treatment facilities at the WTP. The treatment facilities 
include, 1) the WTP Pretreatment (PT) facility intended to separate the tank waste into High- 
Level Waste (HLW) and LAW, 2) the HLW vitrification facility intended to immobilize the 
HLW for disposal at a geologic repository in Yucca Mountain, Nevada, and 3) the LAW 
vitrification facility intended to immobilize the LAW for shallow land burial at Hanford. A 
supplemental LAW treatment plant is being considered to augment the WTP LAW treatment 
1 
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capacity because the LAW facility has insufficient capacity to treat all of the LAW in the same 
time period as the HLW. 
The IPS proposes to pretreat selected LAW feed streams to the extent necessary to allow 
processing in the WTP LAW facility or a LAW supplemental treatment plant (STP) without 
initial processing through the WTP PT facility. The IPS Justification of Mission Need defines a 
treatment mission scope that includes early operations of the WTP LAW Facility or operation of 
a supplemental LAW immobilization technology. 
The RPP baseline flowsheet recycles the WTP LAW secondary liquid effluent to the 
Pretreatment facility, which incorporates more 99Tc into LAW glass. In the baseline all WTP 
secondary liquid effluents are pumped to the Effluent Treatment Facility (ETF) for treatment. 
Under the early LAW scenario, early LAW operation does not have the ability to recycle this 
secondary liquid effluent to the WTP (Figure 1). Therefore, more 99Tc is directed to a solidified 
waste form through the ETF. Estimates during 2007 indicated an increased quantity of 99Tc in 
the secondary waste stream planned for treatment at the ETF when this stream cannot be 
recycled back to the WTP Pretreatment facility. This document evaluates a variety of mitigating 
approaches and compares groundwater impacts to baseline values. 
Several waste streams will be generated during IPS operations including some streams that are 
returned to the DST farm system and some secondary waste requiring disposition. These waste 
streams are common to all of the mitigating approaches considered in this study and therefore are 
not included in the sensitivity analysis or comparison of mitigating approaches. Since the IPS 
technologies are the same as used in the WTP, the IPS secondary waste streams requiring 
disposition are the same type as those in the WTP. 
Normal streams that will return to the DST system include entrained solids removed by filtration, 
neutralized cesium eluate removed by ion exchange, ventilation system condensate, condensate 
from the ion exchange resin drying operation and flush solutions. Off-normal streams that may 
be returned to the DST system include IPS product not meeting WTP specifications returned 
from IPS or WTP and potentially other off-normal streams from sumps, etc. Additional details 
on the IPS waste streams will be documented in the IPS Process Flowsheet document. 
Secondary waste generated at IPS including spent ion exchange resin and other solid waste such 
as HEPA filters and failed equipment will be disposed of at the IDF after appropriate treatment. 
The ion exchange resin will be treated in the same manner as planned for disposition of the same 
WTP ion exchange resin. The current plan by the WTP for treatment of spent ion exchange resin 
is drying of the resin in a disposal cask so there is no free standing water. The cask will then be 
macro encapsulated onsite prior to disposition at the IDF. Failed equipment, HEPA filters and 
other miscellaneous solid waste will be packaged to meet IDF disposal criteria prior to shipment 
to IDF. The IPS System Specification document will identify an interface with the ETF to 
handle miscellaneous low volume low level secondary liquid wastes. This system will use a 
collection tank and a pump out capability to fill a tank truck for transportation. 
Therefore, no new waste types are expected from the IPS and treatment of the IPS waste is 
expected to the same as the similar WTP waste types. 
2 
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Figure 1. Early LAW Secondary Effluent Stream Compared to Baseline. 
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3.0 EVALUATION PROCESS 
A parametric analysis was used to evaluate a range of values to understand the sensitivities of the 
following parameters: 
. 
. 
. 
. 
. 
99Tc quantity in the feed to Interim Pretreatment System 
Changes to WTP LAW secondary waste stream 
Recharge rates 
ETF solid waste form performance 
Vadose zone distribution coefficients 
Technetium, iodine, mercury, chromium, nitrate, uranium-238 and total uranium are used to 
distinguish approaches since they are contaminants of concern in long-term groundwater 
performance assessments. Since technetium has the largest impact on groundwater, it is used as 
the primary COC for developing mitigating approaches. Several mitigating approaches were 
considered in the evaluation including feed tank selection, removing 99Tc, concentration and 
recycle of the WTP LAW secondary waste stream and solid waste form performance. Rough- 
order-of-magnitude cost estimates and qualitative program risks were assessed for the mitigating 
approaches. 
The bases for recommended approaches consider the ability to mitigate potential groundwater 
issues compared to the baseline. Also, costs and programmatic risks of the mitigating 
approaches are compared to further differentiate approaches. 
4.0 SENSITIVITY ANALYSIS 
4.1 ANALYSIS FRAMEWORK 
One major risk in the path of early LAW treatment is a potentially higher groundwater 
concentration for several water soluble contaminants. The increased concentration of these 
contaminants is due to the early LAW operations lacking the recycle stream that routes these 
contaminants back to the LAW melters present in the finished WTP. The purpose of this 
analysis is to estimate the efficacy of several mitigating approaches in regards to lessening the 
environmental impact of the early LAW operations. Five variables were considered in the 
evaluation of peak groundwater concentrations over a 10,000 year period. Table 1 describes 
these variables and the values used to assess their impact on groundwater contamination. 
Using the variables in Table 1, there are 216 possible combinations. However, in this study, 
evaluation of 18 cases provided adequate data for the sensitivity analysis. Each case was 
normalized to the base case of no early LAW to observe the relative effect on groundwater that 
utilizing early LAW would create. Absolute groundwater concentrations are not discussed in 
order to focus the study on developing a sound secondary waste management strategy without 
solving technical groundwater modeling controversies such as optimal recharge rates. 
4 
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Performance assessment efforts will formally assess impacts to groundwater after the Tank 
Closure and Waste Management Environmental Impact Statement for the Hanford Site, 
Richland, Washington, Record of Decision (ROD) is issued. 
1) Low - 3.0 E-8 
The effect of changing each variable was measured by comparing it to a reference case (Table 1, 
row 4). The reference case is defined as using the reference 99Tc feed, not employing any 99Tc 
removal or recycle operations, using a mid-performance solid waste, and assuming base case 
recharge rates and Kd coefficients. Our baseline, which assumes no Early LAW operations, uses 
the same base case values for key vadose and groundwater parameters as the reference case, 
which are described below. The effect of each of these five variables on groundwater compared 
to the baseline is discussed in Section 4.2. 
1) High - 4.2 
2) Natural - 0.9 
Table 1. Variables Considered. 
Low 99Tc - SST 
salt cake East or 
West & DST feed 
tank(s) 
99Tc Feed 
Approaches - 
(1,175 MT Nalyrfor 
both WTP ILAW 
and I-line STP) 
3) Recycle - Recycle of 
WTP ILAW secondary 
waste streams 
(Equivalent to No Early 
LAW) 
Change to WTP LAW 
Secondary Waste 
Stream 
ETF Solid Waste 
Form 
Performance - 
Diffusion 
Coefficient, De 
Icm2/sl 
VadoseZone 
Recharge Rate 
( m n W  
Reference 99Tc - 
DST supernatant, 
DST salt cake, & 
high SST salt if 
needed 
1) None - No 99Tc 
removal nor any recycle 
of WTP LAW secondary 
liquid waste streams 
2) Mid - 5.0 E-9 3) Base - 0.5 
Mid 99Tc - SST salt 
cake West (Sound 
tanks in U, S or SX 
farms) & DST feed 
tanks 
2) Remove 99Tc - 
Reduction of 99Tc in 
Vitrification Secondary 
Waste Destined to ETF 
bv at least a factor of 100 
3) High -5.0 E-I  1 4) Low - 0.1 
Estimated Range of Parameter 
5 >inn m n  47 
Vadose 
Distribution 
Coefficients, Kd 
( m M  
1) Low - 
All zero 
2) Base - 
u = 0.2 
Others = 0 
1291 = 0.1 
The values used in Table 1 were calculated following the requirements in DOE 2005, Technical 
Requirements Document for Integrated Disposal Facilities Vadose Zone and Groundwater 
Revised Analyses in 2005. According to the technical requirements document (TRD), the base 
case values for key parameters were: 
5 
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. Recharge = 0.5 mm/yt 
. Diffusion coefficient (De) = 5 X ~ O . ~  cm2/s 
. Kd for Tc = 0 
. Kd for I = 0.1 mL/g. 
The TRD was silent on the Kd for Hg, but a value of zero was used in the calculations, which is 
a conservative assumption. 
The TRD also specified that the best estimate case would use a recharge value of 0.1 mm/yr. 
In addition, to determine how parameter value selection affected results, the following sensitivity 
cases to the base case (among others) were performed: 
. Recharge = 0.9 mm/yr (the natural value over the past 10,000 years) 
Recharge = 4.2 mm/yr (the value used in the 2001 ILAW PA analysis . 
(DOE/ORP-2000-24, Hanford Immobilized Low-Activity Tank Waste 
Performance Assessment: 2001 Version) 
. Kd for lZ9I = 0 (very conservative value) 
De = 3 x 10.' cm2/s (very conservative value) . 
Results of these sensitivity analysis calculations are in the following section, 
4.2 RESULTS 
The effect of independently changing three variables which are not controlled by nature is 
summarized in Figure 2. Recycling or removing 99Tc from the secondary waste stream 
essentially sets the groundwater 99Tc concentration back to the baseline with a normalized 
concentration ratio of one. Using a high performance solid waste lowers the 99Tc concentration 
ratio to nearly the baseline value. Feeding a low 99Tc feed lowers the 99Tc concentration ratio to 
about twice the baseline value but increases the Cr concentration ratio from two to three times 
the baseline value. 
6 
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Figure 2. Effect of Various Methods on the Reduction of Groundwater COC 
Concentration. 
E 
0 
Reference High Feed, 
No Recycle, M i d  
Performance Grout 
Low Tc Feed ~ u l l  Recycle High Performance 
Solid Waste 
Mitigating Approaches 
In Figure 3, the normalized maximum groundwater concentration in a ten thousand year window 
is shown for seven contaminants paired with three methods of handling the early LAW 
secondary waste stream. In the first method, None, represents all secondary waste going to the 
ETF. This represents a five to six fold increase in 99Tc groundwater concentration above the 
baseline. The second method, 99Tc Removal, represents the removal of 99% of 99Tc within the 
secondary waste. This 99% represents a conservative 99Tc removal estimate and could be 
accomplished through ion exchange or other processes. As shown in Figure 3, there is a 
negligible difference in groundwater 99Tc concentration between 99Tc removal and recycle. In 
the final method, Recycle, all secondary waste is recycled back to double-shell tanks (DST) for 
storage after concentration. This is equivalent to the base case by which all other cases are 
normalized. 
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Figure 3. Effect of Varying the Change to WTP LAW Secondary Waste Stream. 
1 -  
0 
None Tc Remova I Recycle 
Change t o  WTP LAW Secondary Watste Stream 
w Hg 
H I - 1 2 9  
Tc-99 
H Cr 
NO3 
U-238 
w U-Total 
0 
The normalized maximum groundwater concentration in a ten thousand year window is shown 
for seven contaminants paired with three types of waste feed as shown in Figure 4. As shown, 
the effect of different feeds is small on the groundwater concentration for Hg, lZ9I and uranium. 
However, the concentration of 99Tc increases approximately three fold between the low 99Tc feed 
and the high 99Tc feed. In this diagram, the high 99Tc feed is representative of the waste within 
the DSTs, and represents approximately a three fold increase in 99Tc groundwater concentration 
over the low 99Tc feed. While changing to a low or mid-99Tc feed, lowers the ground water 
concentration of 99Tc, it actually increases the concentration of Cr and NO3. This is due to the 
categorization of feeds being based on their 99Tc content, while being independent of nitrate and 
chromium. 
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Figure 4. Effect of Varying the Quantity of 99Tc in the Feed. 
-I 
I 
Low Mid High 
Tc-99 in Feed 
Hg 
w 1-129 
Tc-99 
Cr 
NO3 
I U-238 
w U-Total 
In Figure 5, the normalized maximum groundwater concentration in a ten thousand year window 
is shown for seven contaminants paired with three levels of solid waste performance. As shown, 
the concentration of 99Tc increases to about 20 times that of the baseline when low performance 
solid waste form is used. However, when high performance solid waste form is used, the 
concentration is very close to the baseline and all other contaminants are at or below the 
baseline. The concentrations of other COCs diverge less from the baseline and as such are of a 
less concern. Results of additional sensitivity analyses are presented in Appendix A. 
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Figure 5. Effect of Varying Waste Form Performance. 
Low M i d  
Waste Form Performance 
High 
Hg 
1-129 
H Tc-99 
w Cr 
w NO3 
U-238 
w U-Total 
The groundwater impact is a function of COC inventories in all waste forms. Table 2 provides a 
perspective of the distribution of COCs in the anticipated waste forms for the baseline and the 
distribution of 99Tc for the reference case and several mitigating approaches. The starting tank 
waste inventories for the COCs are shown in the top row. The distribution of COCs shown is 
over the life-cycle of the tank waste treatment mission. However, since the differences between 
the baseline and the other cases shown are driven by the five-year Early LAW treatment period, 
the comparison is applicable to the five-year period as well as the life-cycle period. This table 
does not show the contribution to groundwater contamination. A more detailed distribution of 
contaminants for the baseline and reference case is provided in Appendix A. , Tables A-2 and 
A-3. 
10 
RPP-RPT-37924, Rev. 0 
Producb for Disposal in IDF 
VVTP Glass 
BV 
BV - "0" glass 
ETF 
Table 2. Distribution of COCs in Final RPP Waste Forms. 
Tc-99 Low Tc-  
99  F e e d  
0.00E40 4.73E40 7.17E+03 9 .52E44 0.00E40 3.90E+00 1 .17E44 7.18E43 7.15E43 7.17E+03 7 .16E43 
0.00E40 2.00E40 1.75E+04 1.36E45 0.00E40 3.48E+00 1 .04E44 1 .46E44 1 .74E44 1.75E+04 1 .69E44 
0.00E40 0.00E40 7.17E+01 0.00E40 0.00E40 O.OOE+OO 0.00E40 5.99E41 7.15E41 7.17E+01 6 .92E41 
4.36E42 6.37E-01 7.29E+01 6.27E41 2.31E45 2.39E-01 7.24E+02 2.99E43 1.02E42 7.29E+01 6 .66E42 
Basel ine  Reference Recycle Removal 
Solid W a s t e  I Total  1.52E43 2.19E41 5.01E+00 1.26E40 2.95E42 1.28E-06 1.77E-03 5.01E40 5.00E40 5.01E+00 5 .00E40 1.95E43 2.92E41 2.48E+04 2.31E45 2.31E45 7.62E+00 2.28E441 2.48E441 2.47E441 2.48E+041 2 .48E44 
Other  Products  
Stack Offgas Air 
Packatled TRU W l P P  
I H L W  Glass Yucc 0.00E40 9.46E-01 1.96E+03 3.25E45 0.00E40 1.89E+02 5.66E451 1.91E431 2.00E431 1.96E+031 1 .98E43 
Total  3.51E41 1.15E40 2.14E+03 3.61E45 5.92E45 2.08E+02 6.25E451 2.10E431 2.19E431 2.14E+031 2 .17E43 
1.62E40 4.42E-02 8.37E-02 6.15E-03 1.65E41 3.77E-04 1.15E+00 6.48E-02 8.35E-02 8.37E-02 7.99E-02 
3.35E41 1.61E-01 1.87E+02 3 .60E44 5.92E45 1.94E+01 5 .81E44 1.87E42 1.87E42 1.87E+02 1 .87E42 
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5.0 MITIGATING APPROACHES 
As shown in section 4.0, the lack of a 99Tc removal operation and LAW vitrification secondary 
waste recycle stream result in a higher concentration of ground water COCs. In lowering these 
concentrations to an acceptable level, several approaches were considered. 
All of the mitigating approaches that were considered fit into one of four categories: 
Table 3. Mitigating Approach Categories. 
Category Section Mitigating Approaches 
6 Select feed tanks with lower 99Tc concentrations 
Remove Technetium 5.2 5a,5b 
Concentrate and recycle secondary waste 
Improve secondary solid waste performance 5.4 la, l b  
5.1 
5.3 2a, 2b, 3, 4% 4b 
While several example approaches are examined in each category to define a reasonable range of 
technical solutions, not every possible approach is studied to limit the size and complexity of the 
evaluation. An example of an approach that was not considered was shipment of the secondary 
waste liquid effluent to an offsite treatment facility. The large volume of this waste stream, 4.7 
million gallons per year, makes the transportation activity of this approach unattractive. 
Concentration of the effluent to a reasonable volume for transport is evaluated in this document. 
The difference in cost of treatment between offsite, onsite or storage in DSTs after concentration 
is expected to be small as described in Section 7.2 
For approaches that recycle secondary waste, the waste first requires concentration to reduce the 
volume. The concentrate will be transferred to the double-shell tank system for interim storage 
and eventual processing in the WTP Pretreatment Facility. The condensate from the evaporator 
systems will be transferred to the ETF for treatment and disposal. 
Ten approaches were considered as described above in Table 3: 
. Approach l a  concentrates the waste at ETF to less than 10,000 ppm C1, cements 
the brine in the planned ETF Solidification Treatment Unit, and sends the 
cemented waste to IDF. 
Approach lb  concentrates the waste at ETF to greater than 10,000 ppm C1, 
cements the brine in the planned ETF Solidification Treatment Unit, and sends the 
cemented waste to IDF. 
. 
12 
RPP-RPT-37924, Rev. 0 
Approach 2a concentrates the waste at ETF to less than 10,000 ppm C1 and trucks 
the brine to a DST at the Tank Farm. 
Approach 2b concentrates the waste at ETF to less than 10,000 ppm C1 and 
pumps the brine to a DST at the Tank Farm in a new pipeline. 
Approach 3 concentrates the waste at the 242-A Evaporator with the concentrate 
going to a DST. 
Approach 4a provides a new evaporator in a hardened facility in the 200E area to 
concentrate the secondary waste with the concentrate going to a DST. 
Approach 4b provides a new evaporator in an industrial type facility in the 200E 
area to concentrate the secondary waste with the concentrate going to a DST. 
Approach 5a provides for technetium removal (ion exchange) in a DCRT-type 
facility in the 200E area. 
Approach 5b provides for technetium removal (ion exchange) in an industrial type 
facility in the 200E area. 
Approach 6 provides for early LAW feed selection from SSTs with a lower 99Tc 
content. 
. 
5.1 SELECT FEED TANKS WITH LOWER TECHNETIUM CONCENTRATION 
An adequate amount of feed was identified to meet mission requirements of 1,175 MT Na/yr for 
both WTP ILAW and a single-line Supplemental Treatment system (RPP-RPT-37644, Interim 
Pretreatment System Mission Scoping Report). Three sets of tanks were selected to represent a 
range of 99Tc in the feed. A high 99Tc feed represents the reference case since DST waste was 
selected in an earlier engineering study on Early LAW Startup (RPP-29981, Evaluation of 
Starting the Waste Treatment and Immobilization Plant (WTP) Low Activity Waste (LAW) 
Facility First). The DST feed is mostly supernatant with DST salt cake and SST salt cake, if 
needed. Representing a Mid-99Tc feed is SST salt cake from 200-West Area U and S Farm tanks 
that are easily accessible and in sound condition and DST tanks to retrieve the SST waste into. 
Selection of Low-~~Tc  feed was opened up to all tanks including tanks assumed to have leaked, 
which led to 16 tanks in B- and BY-Farms. A summary of the feed groups are shown in Error! 
Reference source not found., which indicates a factor of 5 difference in 99Tc content between 
the Reference group and the Low group of tanks. Further details of the feed groups can be found 
in SVF- 1484, Interim Pretreatment System DST Feed Calculation, and SVF- 1487, Interim 
Pretreatment System SSTFeed Calculation. Identification of tanks and selected composition 
data are provided in Appendix B. Estimated costs to retrieve each of the tanks are provided in 
Appendix G. 
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IPS Feed 
Reference DST supernatant & salt cake as 
needed ~ 8 tanks in AP & AN 
farms 
SST saltcake, sound tanks, near 
term access ~ 13 tanks in U and 
Mid 
Table 4. Summary Feed Comparison. 
Na 99Tc '"I (Ci) Hg (Big) 
(MT) (Ci) 
6,400 6,100 7.2 0.57 
5,900 3,200 3.1 20 
Low I SST saltcake with lowest 99Tc I 5,900 I 1,200 I 1.8 32 
concentration ~ 16 tanks in B- 
Complex 
Note: Estimated DST comuositions at start of FY2014 
5.2 REMOVE TECHNETIUM 
An evaluation of technetium removal technologies in support of an Early LAW study was 
completed in 2006 (RPP-RPT-30160, Supporting Information for the Evaluation of Waste 
Treatment and Immobilization Plant JWTP) Low Activity Waste (LAW) Startup First Scenario). 
This study selected ion exchange as the preferred technology. A summary of the technetium ion 
exchange approach is discussed below and details are provided in Appendix C. 
The processes considered in the early study included: 
. Fractional Crystallization 
. Precipitation 
. Tetraphenyl phosphonium (TPP) bromide precipitation 
. Sulfide precipitation 
. Ion Exchange 
. Solvent Extraction 
A technetium ion exchange (Tc IX) process could be deployed in conjunction with the IPS 
cesium removal process or as separate facility built to treat the WTP LAW secondary liquid 
effluent. 
SuperLiga 639 IX resin was selected for the high pH LAW feed stream where few resins 
provide adequate performance. Other less expensive resins are available for the near neutral pH 
secondary liquid effluent. Replacement of the Tc IX resin is not anticipated during the assumed 
five-year operating period of this process. 
If the process were to be deployed as part of cesium removal process it would use a new process 
vault for the Tc IX equipment is shown in 
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Figure 6 .  The vault will be constructed with 3 ft thick reinforced concrete walls and cover 
blocks. The vault would be lined with stainless steel to provide secondary containment for waste 
solutions. Cover blocks are removable shielding that provides maintenance access to the process 
piping and equipment. The vault is separated into three areas: 
valve area 
. 
Tc IX process area 
off-gas treatment area. 
Figure 6. Tc Ion Exchange Process in New Vault. 
Chemicdr Reagents 
U . O.IM NQH .OZmNdOH 
. w a r  
.Frenn-n 
CrDenudedLAW 11 TempWatWe Ap 1
Level - 
r Temperature I [: Pretreated LAWto I 
Chemicdr Reagents . BM NdDH 
. I I M N * O I  
. w a r  
I 
NeLdrdizedTc 
Eluate toDSTr 
I 1 1  I 7 Pretreated LAW to DCRT-2 
If the process were to be deployed as a separate facility built to treat the WTP LAW secondary 
liquid effluent, it would use an industrial structure similar to that used by ETF. Cost estimates of 
these two facility approaches are provided in Section 7.0. There is a high risk that this mitigating 
approach, which requires a large project, would not be completed in time to support early LAW 
operations due to the early nature of this concept and the required long funding cycle. 
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5.3 CONCENTRATE AND RECYCLE SECONDARY WASTE STREAM TO DSTS 
The reference case, as described in RPP-29981, does not remove 99Tc during interim 
pretreatment or from the secondary waste and does not recycle LAW vitrification liquid 
secondary waste. Two distinct methods to reduce the amount of 99Tc in the secondary waste 
during interim pretreatment operations by at least a factor of 100 include, 1) separation during 
pretreatment or from the secondary waste and 2) recycle of all or part of the secondary waste. 
Examples of 99Tc separation technologies include ion exchange, fractional crystallization and 
solvent extraction. Examples of potential recycle approaches include, 1) recycle all to DST after 
concentration in the ETF, 2) recycle all to DST for concentration by 242-A Evaporator, 3) 
recycle all to new evaporator, and 4) recycle only SBS stream & blend with IPS product- 
concentrate blend in new evaporator. 
5.3.1 Emuent Treatment Facility Concentration 
Fluor Hanford (FH) has performed a high-level treatability evaluation on the LAW effluent that 
is provided in Appendix D. Three approaches were evaluated including two concentration 
methods and one grouting method. The grouting approach is discussed in Section 5.4. Dilute 
secondary effluent from the WTP LAW facility can be concentrated in ETF with the concentrate 
transferred to DSTs via a tanker truck or a pipeline as shown in Figure 7. 
Because of the small volume (4.7M gallons annual average) of LAW effluent that would be sent 
to Liquid Effluent Retention Facility (LERF) for treatment over a five-year period, FH could 
accept the LAW effluent at the LERF/ETF except for the LAW effluent generated from the 
treatment of Tank 107-AP waste, which exceeds the LERF safety basis. The ETF does not have 
the storage capacity required to maintain the radionuclide inventory below a Category 3 for the 
AP-107 effluent to bypass the LERF and be feed directly to the ETF. 
The acceptance of the LAW effluent at LERF/ETF is contingent on the necessary permit 
modification and notifications being completed. Facility modifications are required to treat the 
LAW effluent through the LERF/ETF based on the final approach chosen. A complete list of 
necessary ETF equipment modifications for the two approaches is given in Appendix D. For the 
purposes of this treatability evaluation, it was assumed that the individual organics and applied 
waste codes (plus DO07 for chromium) will be similar to those in the 242-A process condensate 
that ETF has successfully treated. 
The two primary concerns with treating the LAW effluent through the ETF are scaling of unit 
operations and compatibility with the materials of construction. To mitigate these concerns, it is 
recommended that the ETF normal flowsheet be modified such that the LAW effluent is feed 
directly to the evaporator. Since the ETF main treatment train (MTT) is composed almost 
entirely of 304 stainless steel and to avoid irreversible scaling of the reverse osmosis (RO) unit, 
feeding the LAW effluent directly to the evaporator will reduce the cost of necessary 
modifications. 
At a minimum, the two evaporator feed tanks (SWRTs) and all associated piping that comes in 
contact with the LAW effluent would need to be replaced with more corrosion resistant 
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materials. Additionally, the existing cooling water system would be extended to cool the 
evaporator distillate. 
Secondary waste effluent from WTP LAW during Early LAW operations contains 
chloride/fluoride concentrations of 500 to 1,200 ppm. Evaporation of the WTP effluent to two 
concentrations of chloride/fluoride, 10,000 pprn and 40,000 ppm, were considered based on ETF 
equipment constraints. Replacing only the two SWRTs and associated piping results in a 10,000 
pprn maximum concentration of chloride/fluoride in the evaporator brine. For waste 
minimization, replacing the two evaporator brine receiving tanks (CTs) and associated piping 
with corrosion resistant materials would allow the brine to be concentrated to 40,000 ppm 
chloride/fluoride. The InconelTM' evaporator limits the brine to a concentration of 40,000 pprn 
chloride/fluoride concentration. 
Figure 7. Recycle to DSTs after Concentration in ETF. 
Pretreat. 11 
I 
ETF Concentrated 
EMuent Transferred to 
DST "re Pipeline orTruck 
Inconel is a registered trademark of Special Metals Corporation, Huntington, WV. 1 
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5.3.2 Recycle ETF Evaporator Brine to Tank Farms via Tanker Truck 
One approach for treatment of the ETF evaporator brine is to transport it to Tank Farms via 
tanker truck where it will be off-loaded into a DST. This approach would require construction of 
a separate tanker loading facility to the east of the ETF. The new facility would be a building 
approximately 75 by 100 feet with a confinement heating, ventilation, and air conditioning 
(HVAC) system. The building would be capable of holding a tanker and tractor, plus tanks and 
equipment for a solids removal and handling system. The solids removal system would be 
located in a separate room in order to provide containment of the radioactive solids. The 
equipment in the building would consist of: 
. A tank to receive evaporator brine from the ETF concentrate tanks. The tank 
An agitator for the brine receiving tank. 
An Inconel pump and piping system to move the brine from the receipt tank to the 
A solids removal and handling system, most likely a filter press 
A conveyed drum system to receive the solids from the filter press 
A tank to receive the liquid effluent from the solids removal system. The tank 
A pump and piping system to transfer from the effluent tank to a tanker. The 
New tankers from corrosion resistant material such as Inconel, hastelloy, etc 
Developing unloading technology at tank farms, which today does not exist 
would be constructed of fiberglass reinforced panel (FRP) or Inconel. 
. 
. 
solids removal system. 
. 
. 
. 
would be constructed of FRP or Inconel. 
. 
wetted parts of the pump and piping would be constructed of Inconel. 
. 
. 
At a minimum, tanker shipments of evaporator brine to Tank Farms would range from 1,500 
gallons every two days to 3,000 gallons every two weeks depending on whether the 
chloride/fluoride concentration in the brine is less than or greater than 10,000 ppm. 
5.3.3 Recycle ETF Evaporator Brine to Tank Farms via New Pipeline 
This approach requires a new pipeline from the ETF to Tank Farms that meets all the current 
requirements that the existing Tank Farms pipelines meet (double encasement, leak detection, 
etc.). It is assumed that this pipeline will run from the ETF to the SN-701 pipeline near the 
242-A evaporator. This would require approximately 6,000 feet of new pipe. 
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Evaporator brine is a continuous transfer to Tank Farms, or at a minimum of 1,500 gallons every 
two days to 3,000 gallons every two weeks, depending on whether the chloride/fluoride 
concentration in the brine is less than or greater than 10,000 ppm. 
5.3.4 242-A Evaporator 
Dilute secondary effluent from the WTP LAW facility can be concentrated in the 242-A 
evaporator or a new evaporator with the concentrated transferred to DSTs as shown in Figure 8. 
Anew evaporator is discussed in Section 5.3.5. 
Figure 8. Recycle to DSTs after Concentration in 242-A Evaporator or a New Evaporator. 
DST K 
Retrieval 
Feed De 
.I 1 
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are a special concern. Aluminosilicates are likely to form scale in the 242-A system and possibly 
in distribution piping. Scale can affect processing and maintenance by reducing heat transfer 
rates and increasing dose rates. As aluminosilicate minerals are difficult to dissolve, acid 
dissolution may be necessary. 
The 242-A Evaporator is essential to the Tank Farms mission. Previously identified mission 
risks include that 242-A is an aging facility, and that 242-A is a single-point failure facility 
(TFC-PLN-039, RiskManagernentPZan). Actions taken to mitigate risks include periodic 
upgrades (such as the ongoing ventilation and Monitoring and Control System upgrades) and 
maintaining a qualified and trained staff. Additional upgrades (such as, water supply, steam and 
electrical systems) will be necessary at some point during the extended mission. The worst-case 
impact for a 242-A single-point failure is a 5-year impact to the retrieval and WTP processing 
schedule ($4.6 billion cost impact), plus $100 million for a replacement facility. 
5.3.5 New Evaporator 
5.3.5.1 Concentrate Secondary Waste in Industrial Facility 
The approach discussed in this section is evaporation of the WTP LAW Vitrification Facility 
secondary waste solutions using a new evaporator system, referred to as the Secondary Waste 
Evaporator (SWE) system. A summary of the new evaporator approach is discussed below and 
details are provided in Appendix F. 
The concentrate from the SWE system will be transferred to the double-shell tank system for 
interim storage and eventual processing in the WTP Pretreatment Facility. The condensate from 
the SWE system will be transferred to the ETF for treatment and disposal. 
The SWE is similar to the Treated LAW Evaporation Process (TLP system) in the WTP 
Pretreatment Facility. The major differences are the feeds to be processed by each system. The 
TLP system is designed to increase the concentration of the pretreated LAW prior to transfer to 
the LAW vitrification facility and concentrate the SBS condensate recycled from the LAW 
vitrification facility. The TLP system is designed to process 10 to 38 gpm of dilute feeds'. The 
SWE system could also perform these functions or may only process the SBS and caustic 
scrubber solutions. 
It is assumed that the capacity and materials of construction for the SWE system will be the same 
as for the TLP system. The SWE system equipment description and capacity is taken from the 
design media prepared for the TLP system, with the capacity of support vessels recalculated to 
support the IPS system. 
The 242-A Evaporator facility3 and the TLP Evaporator4 drawings were reviewed to gain insight 
into potential arrangement of process equipment for the SWE system. Based on review of these 
24590-PTF-3PS-MEVV-TPOO1, Rivev Pvotection Pvoject ~ Waste Tveatment Plant Engineering Specfication fov 
H-2-69269, Avchitectuval lst Floov Plan - 242-A, H-2-69270, Avchitectuval 2"d FloovPlan - 242-A, H-2-69271, 
Foxed Civculation Vacuum Evapovatov System. 
Avchitectuval FloovPlan - 242-A, H-2-69272, Avchitectuval Elevations &Sections - 242-A 
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drawings, a preliminary arrangement of the SWE system was selected, as shown in Appendix F. 
The dimensions of the 242-A Evaporator building were generally used, with the exception of the 
process equipment area width and length being increased to incorporate the Secondary Waste 
Solutions Receipt Vessels within the S WE system building. The 242-A Evaporator building 
does not contain similar vessels and uses a double-shell tank as the feed vessel. The area for the 
control room, motor control centers, change rooms was also enlarged from approximately 42 
(W) x 36 (L) x 11 ft  (H) for the 242-A Evaporator building to 75 (W) x 118 (L) x 12 ft  (H) for 
the SWE system. This change was made to remedy the congestion experienced in these areas 
within the 242-A Evaporator building. Similarly, the area of the Aqueous Make-up/HVAC 
systems was enlarged from approximately 25 (W) x 50 (L) x 47 ft  (H) for the 242-A Evaporator 
building to 25 (W) x 93 (L) x 47 ft  (H) for the SWE system to remedy congestion in this area as 
well. Use of horizontal evaporator instead of a vertical evaporator would not be expected to 
significantly change the facility size and therefore was not further considered. 
5.3.5.2 Concentrate Blended Secondary Waste with IPS Feed To Simulate WTP 
Pretreatment 
The SWE system could also be used to concentrate the pretreated LAW solution prior to transfer 
to the LAW Vitrification Facility. However, this approach was not evaluated in detail since the 
composition of the pretreated LAW and the secondary waste solutions would be altered and 
material balances were not prepared for this alternative by WTP personnel. If this approach was 
pursued, it is expected to closely mimic the baseline WTP flowsheet as shown in Figure 9. 
There is a high risk that these mitigating approaches, which require a large project, would not be 
completed in time to support early LAW operations due to the early nature of this concept and 
the length of time required to secure capital funding. 
24590-PTF-3PS-MEVV-TPOOI 
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Figure 9. Blend Secondary Effluent with IPS Product and Concentrate in New Evaporator 
to Simulate WTP Flowsheet. 
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5.4 IMPROVE SOLID WASTE FORM PERFORMANCE 
Solid waste performance improvements could be implemented at ETF to immobilize liquid 
secondary wastes from LAW vitrification as a mitigating approach to negative groundwater 
impacts. A performance improvement in the solid waste form diffusion coefficient from 5.0 E-9 
to 5.0 E-1 1 cm2/sec is needed to mitigate the negative impact. 
Ongoing work at ETF to establish a new solidification treatment unit and improvements in new 
solid waste forms are discussed below. 
5.4.1 ETF Planned Solidification Treatment Unit 
This approach currently plans a treatment unit that would solidi@ the evaporator brine into 
blocks and a storage building to cure blocks before they can be sent to IDF for disposal. The 
solidification treatment unit project is currently budgeted as a fiscal year 2010 line item project. 
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The Critical Decision 0 (Mission Need Statement) for the Solidification Treatment Unit (STU) 
has been sent to DOE-RL but has not yet been approved. 
The purpose of the STU is to replace or supplement the current operation at the 200 Area ETF 
for drying the secondary waste into powder in order to increase the capability of the ETF. 
Expanding ETF capabilities is needed in order to meet Tri-Party Agreement milestones 
associated with the Hanford cleanup, reduce worker chemical and radiological exposure, meet 
land disposal criteria, and decrease the cost of maintaining and operating the current thin-film 
dryer system. 
Expanding the ETF capabilities allows the ETF to treat future waste streams with higher levels 
of heavy metals and mobile radionuclides, and waste streams with high dissolved solids content. 
Increasing the capacity of the secondary treatment train will allow full utilization of the existing 
capacity of the ETF main treatment train. Based on waste stream flowsheet projections, the 
increased capacity is needed by 2014 to support the Hanford Site cleanup mission. 
Some preliminary testing of brine solidification has been completed on current waste streams 
processed through the ETF. Further testing would be necessary to establish the raw material mix 
(Portland cement, lime, fly ash, etc.) for the LAW brine. During the testing it will be necessary 
to measure chromium leachability to determine if the land disposal restrictions (LDR) treatment 
standard for chromium is met and the testing of getters that may be required to stabilize 
radionuclides if above the IDF acceptance criteria (such as, 99Tc, lZ9I). There is uncertainty 
whether grout solidification is an acceptable waste form for stabilization of 99Tc and lZ9I for final 
disposal at IDF. 
5.4.2 Improved Solid Waste Forms 
Examples of recently tested low temperature waste forms with enhanced performance include 
DuraLith and Ceramicrete (PNNL- 16052, Low Temperature Waste Immobilization Testing). 
These two waste forms perform better than a traditional LAW grout such as Cast Stone relative 
to leach resistance of 99Tc and lZ9I. Development needs common to both waste forms include: 
. 
. 
. 
Address the formulation issues identified through the ANSI/ANS-16.1-2003, 
Measurement of the Leachability of Solidij7ed Low-Level Radioactive Wastes by a 
Short-Term Test Procedure, testing and perhaps also in the product consistency 
test (PCT) testing. 
Using waste simulants spiked with higher concentrations of I and Re, determine 
whether the waste forms can achieve sufficient reduction in the release of I and 
Tc . 
Based on observations from ANSI/ANS 16.1 testing and contractor thermal 
cycling tests on Ceramicrete, expand compressive strength testing to include 
impacts of thermal cycling and immersion in water. 
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. Optimize the quantities of binder materials to improve waste loading. If 
acceptable, this may include the removal of water to concentrate the wastes to be 
immobilized 
. Examine other binder materials that may be less costly. 
Demonstrate the long-term effectiveness of sequestering agents added to reduce 
Demonstrate the preparation of the waste forms on a production scale 
Determine long-term waste-form-performance characteristics to support disposal- 
. 
the mobility of iodine and technetium in the wastes. 
. 
. 
system performance assessments. 
An allowance of -$5M for additional waste form formulation and performance testing is 
estimated to meet the higher performance level. This includes $4M for lab testing and support 
and $ lM for an independent external review of the program. 
The efficacies of improved waste forms will be further addressed in July, 2008, at the Secondary 
Waste Roadmap Meeting at Richland, WA. At the request of the DOE Office of River 
Protection, DOE EM-21 agreed to sponsor a meeting to develop a roadmap to outline the steps 
necessary to design the secondary waste form to resolve uncertainties associated with disposal of 
secondary waste from treatment of tank waste at Hanford. In the Secondary Waste Roadmap 
Meeting, a “needs assessment” will be performed to identify issues, assess current capabilities 
versus those issues, and identify gaps and associated program goals, in the areas of interest. This 
assessment is complete when a consensus is developed and documented on the technical needs 
and gaps and the direction for the program. 
5.4.3 Other Solids Waste Forms 
Other solid waste forms in which WTP liquid secondary waste could be immobilized, such as 
Steam Reforming product, Bulk Vitrification glass and other thermal processes, were not 
analyzed in this evaluation for several reasons. 
. Inadequate published data was available for Steam Reforming on secondary waste 
treatment to complete a technical evaluation. While increased waste loading in 
the Steam Reforming product may be feasible due to nitrate destruction and 
mineralization during the process, analysis of this benefit could not be quantified. 
Bulk Vitrification and other high temperature processes are typically much more expensive than 
low temperature processes for immobilizing secondary waste. Approaches for recycling 
secondary waste in this report maximize the amount of COCs that can be placed in a glass waste 
form during the Early LAW operating period. Evaluation of glass as a waste form for secondary 
waste throughout the life-cycle of the RPP mission is outside of the scope of this study. 
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6.0 PROGRAMMATIC RISK 
Key programmatic risks are identified where a large impact is expected. Risks were identified 
where the outcome of a risk event was expected to have a large impact on a mitigating approach 
such that it clearly distinguishes approaches. A comprehensive risk assessment was not 
performed as part of this document. The IPS Project Risk Management List further addresses 
risk management. 
There is a high risk that mitigating approaches requiring large capital projects including 
removal and a new evaporator would not be completed in time to support early LAW operations. 
This is due to the long procurement cycle of large DOE projects and the preliminary nature of 
these facility concepts. Schedule risk is carried as part of the IPS Risk List. Detailed schedule 
information about secondary waste mitigation will part of the overall Early LAW schedule. 
All mitigating approaches that concentrate liquid effluents and recycle the stream to the DST 
system place some additional burden on the DST system capacity thereby increasing overall risk. 
If waste volume reductions of at least 90% to 95% are not achieved during evaporation then a 
volume in excess of 0.5 Mgal could be returned to DSTs. 
For low 99Tc concentration feed tanks, the retrieval rates of salt cake in assumed leaker SSTs 
may not keep up with LAW treatment rates. Salt cake retrieval from two sound SSTs, S- 102 and 
S-112, have taken several years each. There is no experience yet retrieving waste from SSTs 
which are assumed to have leaked. Planning assumptions based on limited experience with a 
vacuum based retrieval system indicate longer periods will be required to retrieve waste from 
assumed leaker tanks than from sound tanks. 
There is more uncertainty in the 99Tc content of SST waste than in DST waste. Best-Basis 
Inventory (BBI) compositions for most DST are based on sample results providing a higher level 
of confidence in the values. The BBI compositions for most SSTs are based on engineering 
judgment, flowsheet data and common waste types yielding a lower level of confidence in the 
values. Factors influencing the technetium oxidation state in tank waste are not well understood. 
This can lead to erroneous assumptions on technetium partitioning and increased uncertainty in 
inventories. 
99 Tc 
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7.0 COST COMPARISON 
Cost estimate data associated with each of the ten approaches are provided below. The cost 
estimates in this section are life-cycle based and include concept development, permitting, 
design, capital improvements, startup, 5 years of operations, decommissioning, contingency and 
escalation. The cost estimates only include the costs that are not included in the current baseline 
plans. For example, the $14.1 million ETF Solidification Treatment Unit project is in the current 
baseline and is not included in the estimated cost for the ETF approaches. However, the ETF 
Solidification Unit operating cost is not in the current baseline and therefore is included in the 
estimated cost of applicable ETF approaches. 
Cost estimates were prepared for mitigating approaches to assist in a quantitative approach 
comparison. The cost estimates are summarized in this section and provided in detail in 
Appendix G. 
7.1 COST OF SELECTING ALTERNATIVE FEED TANK GROUPS 
Cost estimates for Approach 6, potential feed selections, are accelerated costs from the Tank 
Farm baseline. A summary of these cost estimates are shown in Table 4 and details are provided 
in Appendix G. 
Table 5. Summary Cost of Potential Feed Selection. 
(%M) 
High "Tc Feed 
Reference 
$41 8 
7.2 COST TO REMOVE TECHNETIUM OR CONCENTRATE AND RECYCLE 
SECONDARY WASTE 
This section provides summary cost estimate data for the other nine mitigating approaches 
associated with early operations of the WTP LAW Facility. The detailed cost estimate for each 
approach is in Appendix G. 
The assumed schedule is to complete development, design, construction and startup by 2013 and 
start 5 years of hot operation in 2014 operating for a period of five years followed by facility 
deactivation and decommissioning. 
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The other nine approaches and estimated life-cycle cost are: 
Approach la:  Concentrate the waste at ETF to <10,000 pprn C1 and cement the brine in 
the planned ETF Solidification Treatment Unit. The cemented waste will be sent to IDF 
at a prorated disposal cost of $21,500. The estimated cost for Approach l a  is $30.5 
million. The $14.1 million planned for the ETF Solidification Treatment Unit is not 
included in the$30.5 million. However, the additional cost to operate the cementation 
process is not in the baseline so it is included in this estimate. 
Approach lb:  Concentrate the waste at ETF to >10,000 pprn C1 and cement the brine in 
the planned ETF Solidification Treatment Unit. The cemented waste will be sent to IDF 
at a prorated disposal cost of $6,100. The estimated cost for Approach lb  is $34.7 
million. The $14.1 million planned for the ETF Solidification Treatment Unit is not 
included in the$34.7 million. However, the additional cost to operate the cementation 
process is not in the baseline so it is included in this estimate. 
Approach 2a: Concentrate the waste at ETF to <10,000 pprn C1 and truck the brine to a 
DST at the Tank Farm. The estimated cost for Approach 2a is $33.6 million. 
Approach 2b: Concentrate the waste at ETF to <10,000 pprn C1 and pump the brine to a 
DST at the Tank Farm in a new pipeline. The estimated cost for Approach 2b is $43.4 
million. 
Approach 3: Concentrate the waste at the 242-A Evaporator with the concentrate going 
to a DST. The estimated cost for Approach 3 is $50.0 million. 
Approach 4a: Develop a new evaporator facility in the 200-East area to concentrate the 
waste secondary waste with the concentrate going to a DST. Approach 4a includes 
constructing a hardened facility to enclose the new evaporator. The estimated cost for 
Approach 4a is $132.3 million. 
Approach 4b: Develop a new evaporator facility in the 200-East area to concentrate the 
waste secondary waste with the concentrate going to a DST. Approach 4b includes 
constructing an industrial facility to enclose the new evaporator. The estimated cost for 
Approach 4b is $124.1 million. A discussion of the differences in new evaporator 
building cost for approaches 4a and 4b is provided in Appendix G, Section H7.1. 
Approach 5a: Develop a technetium removal facility in the 200-East area. Approach 5a 
includes constructing a DCRT-type facility to enclose the ion exchange equipment. The 
estimated cost for Approach 5a is $106.6 million. 
Approach 5b: Develop a technetium removal facility in the 200-East area. Approach 5b 
includes constructing a standard industrial enclose for the ion exchange equipment. The 
estimated cost for Approach 5b is $94.2 million. 
A summary comparison of the estimated cost for approaches l a  through 5b is shown in Figure 
10. 
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Figure 10. LAW Secondary Waste Stream Processing Life-Cycle Cost. 
U 
Approach l a  Approach i b  Approach 2a Approach 2b Approach 3 Approach 48 Approach 4b Approach S a  Approach 5 b  
Cost estimates details and the basis used to develop the cost estimates for the 10 approaches are 
provided in Appendix G. 
7.3 COST TO IMPROVE SECONDARY SOLID WASTE PERFORMANCE 
An allowance of -$5M for additional solid waste formulation and performance testing is 
estimated to meet the higher solid waste performance level. This includes $4M for lab testing 
and support and $ lM for an independent external review of the program. This is based on 
expansion of recent solid waste testing by Fluor Hanford for $250K to meet the expected 
increased demands as a result of the Secondary Waste Roadmap Meeting. The total cost to 
improve secondary solid waste performance is $35M to $40M which is the sum of Approach l a  
or l b  as described for facility modifications at ETF and the $5M for additional solid waste 
formulation and performance testing. 
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8.0 RECOMMENDED STRATEGY 
The recommended strategy for managing RPP secondary waste is focused on improvements in 
the Effluent Treatment Facility. Baseline plans to build a Solidification Treatment Unit adjacent 
to ETF should be enhanced to improve solid waste performance and mitigate corrosion of tanks 
and piping supporting the ETF evaporator. This approach provides a life-cycle benefit to solid 
waste performance and reduction of groundwater contaminants for the entire RPP mission. 
This recommended approach will be further evaluated as part of the Secondary Waste Roadmap 
Meeting scheduled for July 21 ~ 25, 2008, sponsored by DOE EM-21. Nationally recognized 
subject matter experts will address the same RPP secondary waste issues addressed in this 
document and develop a technology road map needed to resolve the issues. The road map will 
further address technical, programmatic and regulatory uncertainties associated with the 
recommendation. 
A backup strategy, if solid waste performance improvements are unsuccessful, would be a 
recycle capability for transfer of concentrated liquid effluents from ETF to the DST system via 
pipeline or truck. This approach, while meeting near goals during early LAW operations, 
provides very little or no life-cycle benefit to the RPP mission after the WTP Pretreatment 
facility becomes operational. 
Both the recommended and backup secondary waste management strategies provide high value 
technical solutions with low schedule risk that are outside of the scope of the IPS project. 
The recommended and backup strategies are the lowest life-cycle cost approaches with adequate 
mitigation of potential groundwater contamination compared to baseline values: 
. Improve solid waste performance: Evaporator upgrades at ETF and solid waste 
Recycle to DSTs: Evaporator upgrades and new transfer capability at ETF ($35M 
performance testing program ($35M to $40M) 
. 
to $45M). 
The recommended strategy includes an allowance of -$5M for additional solid waste 
formulation and performance testing is estimated to meet the higher performance level. This 
includes $4M for lab testing and support and $lM for an independent external review of the 
program. The $5M is included in the $35M to $40M range shown above. 
The reference case (no mitigation) would increase the 99Tc groundwater concentration ratio 
about 5.7 times relative to the baseline as shown in Figure 11. Changing to a lower 99Tc feed 
does improve performance, but is still higher than the RPP baseline. This approach is not 
recommended due to the high accelerated cost of $400M to $450M and high risk associated with 
the fast retrieval rate needed to retrieve 16 SSTs in the B-Complex tank farms within a 5 year 
period. 
Mitigating approaches such as 99Tc removal or recycle to Tank Farms, or a better performing 
solid waste show near equivalent performance to the RPP baseline. Other approaches providing 
adequate groundwater mitigation but not recommended at this time, include:. 
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99Tc removal with ion exchange, or another process, is estimated to cost between 
$95M to $105M which is much more expensive than the recommended strategy. 
It is unlikely the schedule for this approach could support the start of early LAW 
operations. Removal of 99Tc at the IPS provides no continuing lifecycle benefit to 
the RPP Program. 
Recycle to Tanks Farms after concentration in the 242-A is not recommended due 
to an unacceptable risk from the loss of the evaporator due to incompatible 
materials of construction and the potential for excessive corrosion of the single- 
point failure facility. The worst-case impact for a 242-A single-point failure is a 
5-year impact to the retrieval and WTP processing schedule ($4.6 billion cost 
impact), plus $100 million for a replacement facility. 
Recycle to Tanks Farms after concentration in a new evaporator is estimated to 
cost between $125M to $135M which is much more expensive than the 
recommended strategy. It is unlikely the schedule for this approach could support 
the start of early LAW operations. 
Figure 12. Summary Basis for Recommended Approach. 
All Base Recharge Rate and Base Kd Mid Performance Grouf 
Cost Range: 
- Retrieval rates of 
salt cake in assumed DST mace with as secondary solid 
- Negative impact on ' Acceptability Of grout 
K~~ programmatic leaker SSTs unlikely Recycie (up to 0.5 form is 
to meet LAW Mgal/yr) uncertain 
Risks: treatment feed - Potential corrosion 'To beaddressed 
demand based on issue dueto high during Secondary 
experience halide concentration Waste Workshop in 
July 2008 
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APPENDIX A. SENSITIVITY ANALYSIS 
The following table shows the results of the 18 case studies preformed. 
Table A-1. Approaches Considered. 
I I I "",PLA"" I vadose I i i i i i i i i I 
The following figures help illustrate in greater detail the sensitivity of contaminant groundwater 
concentration to several variables 
Figure A-1. Effect of Varying the Vadose Distribution Coefficient. 
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In Figure A-1 above, the normalized maximum groundwater concentration in a ten thousand year 
window is shown for seven contaminants paired with different predicted values of Kd. As 
shown, only 
whose concentration is affected by the change to a low Kd value. However, the assumption of 
setting the Kd of lZ9I to zero as opposed to 0.1 has a profound affect on the concentration of "'I 
in the groundwater, increasing it by 6 orders of magnitude. When a low Kd (set at 0) is chosen 
for Uranium, a resultant increase of over 11 orders of magnitude takes place. This shows that 
this system is extremely dependant on the selection of Kd. 
129 . I is assumed to be absorbed into the soil, and as such is the only contaminant 
Figure A-2. Effect of Varying the Vadose Zone Recharge Rate. 
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In Figure A-2, the normalized maximum groundwater concentration in a ten thousand year 
window is shown for seven contaminants paired with three rates of recharge. Take note that this 
chart is on a logarithmic scale, due to the large effect this variable has on all concentration. As 
shown here, for high recharge rates, the concentration of lZ9I and Uranium becomes extremely 
high. 
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Figure A-3. Effect of Varying the Vadose Zone Recharge Rate and Solid waste Type 
on Groundwater 99Tc. 
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In Figure A-3 above, the normalized maximum groundwater concentration in a ten thousand year 
window for 99Tc is shown when varying the type of solid waste used and the predicted recharge 
rate. The recharge rate and the 99Tc groundwater concentration are positively correlated, while 
the solid waste performance has a negative correlation with groundwater concentration. Worth 
noting here is that in all cases using a high performance solid waste lowers the 99Tc ground water 
concentration by about 1.5 orders of magnitude vs using a low performance grout. 
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Figure A-4. Contribution to Groundwater 99Tc for a Base Recharge Rate. 
Reference CaseTc-99 Distribution, Base Recharge 
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0% 
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Base Case Tc-99 Distribution, Base Recharge 
19% 
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BV 
W BV - non glass 
W ETF 
W Solid Waste 
The relative contribution of 99Tc to groundwater for each of the various sequestration mediums 
under a base recharge rate is shown in Figure A-4. As shown above, when no early LAW is 
used, the bulk of 99Tc comes from Bulk Vitrification, while when Early LAW is used; the 
majority of 99Tc comes from ETF. This is because the contaminants attributed to Bulk 
Vitrification stay relatively constant in both cases, while the contaminants in ETF and solid 
waste increase substantially when Early LAW is used due to a lack of a recycle stream. It is 
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<."A. 
worth noting that the concentration of 99Tc in the groundwater is approximately 5.7 times higher 
when Early LAW is used. 
Base Case Tc-99 Distribution, High Recharge 
I 
1 
c 
I WTP Class 
w BV 
I BV - non glass 
ETF 
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Reference Case Tc-99 Distribution, High Recharge 
I 
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BV - rlon glass 
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Figure A-5 represents the relative contribution of "Tc to groundwater for each of the various 
sequestration mediums under a high recharge rate. h with Figure A-, when no early LAW is 
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used, the bulk of 99Tc comes from Bulk Vitrification, while when early LAW is used; the 
majority of groundwater 99Tc comes from the ETF. Also worth noting is that the concentration 
of 99Tc in the groundwater is approximately 3.4 times higher when early LAW is used. 
The above pie charts show that relative contribution of five waste sources to 99Tc groundwater 
contamination. Tables A-2 and A-3 show the amount of contaminants that each disposal product 
actually contains. The first table represents the base case of no early LAW, while the second 
table represents the reference case of early LAW with high 99Tc feed, no recycle or 99Tc removal: 
base case recharge rates, mid performance solid waste, and base case Kd values. 
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APPENDIX B. FEED COMPARISON 
Three sets of tanks were selected to represent a range of 99Tc in the feed. A high 99Tc feed 
represents the reference case since DST waste was selected in an earlier engineering study on 
Early LAW (RPP-29981, Rev. 1). The DST feed, shown is Table B-1, is mostly supernatant 
with DST salt cake and SST salt cake, if needed. Representing a Mid 99Tc feed is SST salt cake 
from 200-West Area from tanks easily accessible and in sound condition (in U and S farms) and 
DST tanks to retrieve the SST waste into (Table B-2). Selection of Low 99Tc feed was opened 
up to all tanks including tanks assumed to have leaked which led to 16 tanks in B- and BY-Farms 
as shown in Table B-3. Further details of the feed groups are found in SVF-1484, Interim 
Pretreatment System DST Feed Calculation, and SVF- 1487, Interim Pretreatment System SST 
Feed Calculation. 
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Tanks 
below 
Table B-2. SST Salt Cake, Sound Tanks, Near Term Access - 13 Tanks in U And S Farms. 
Hg Na NO3 UTOTAL 99Tc 1291 137Cs 99Tc/Na Tank Sludge 
kg kg kg kg Ci Ci Ci Ci/kg Integrity (kgal) 
s-111 
U-102 
U-103 
U-107 
U-108 
u-109 
3.1 1E-01 3.03E+05 3.03E+05 4.83E+00 2.83E+02 
3.58E+00 6.30E+05 1.38E+06 1.47E-08 3.34E+02 
3.20E+00 3.49E+05 5.01E+05 1.32E+02 1.82E+02 1.86E-01 9.70E+04 5.22E-04 SOUND 
2.54E+00 3.36E+05 5.28E+05 4.13E+01 1.54E+02 1.68E-01 1.89E+05 4.59E-04 SOUND 
8.67E-01 4.70E+05 5.03E+05 5.63E+02 2.19E+02 2.21E-01 2.41E+05 4.65E-04 SOUND 
1.87E-01 3.48E+05 6.36E+05 1.35E+01 2.21E+02 2.26E-01 9.48E+04 6.35E-04 SOUND 
4.69E-01 4.91E+05 7.25E+05 7.79E+01 2.66E+02 2.70E-01 2.20E+05 5.42504 SOUND 
4.07E-01 4.31E+05 5.97E+05 7.45E+00 2.35E+02 2.38E-01 1.64E+05 5.44E-04 SOUND 
2.06E-01 2.41E+05 9.34E-04 
3.34E-01 6.23E+04 5.31E-04 
2.71E-01 2.38E+05 4.53E-04 
3.24E-01 2.93E+05 4.37E-04 
3.97E-01 3.98E+04 5.23E-04 
1.63E-01 1.78E+05 5.84E-04 
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Tanks 
below 
6-105 
6-109 
8-108 
8-103 
8-102 
8-101 
BY-105 
Table B-3. SST Salt Cake with Lowest 99Tc Concentration - 16 Tanks in B-Complex. 
Hg Na NO3 UTOTAL 99Tc 1291 137Cs 99Tc/Na Tank Sludge 
kg kg kg kg Ci Ci Ci Ci/kg Integrity (kgal) 
2.41E+00 3.36E+05 1.84E+05 O.OOE+OO 2.64E+00 1.68E-03 2.65E+01 7.85E-06 ASMD LKR 28 
6.96E-01 1.47E+05 9.38E+04 1.21E+02 4.57E-01 4.40E-02 3.82E+02 3.1 1E-06 SOUND 50 
5.71E-01 1.10E+05 4.12E+04 1.84E+01 4.04E-01 2.75E-02 2.23E+03 3.67E-06 SOUND 27 
3.97E-01 5.34E+04 3.71E+04 3.51E+01 3.31E-01 4.56E-04 2.66E+02 6.20E-06 ASMD LKR 1 
2.06E-01 2.87E+04 2.22E+04 5.24E+00 2.15E-01 2.98E-04 1.73E+02 7.49E-06 SOUND 0 
5.99E+00 1.22E+05 9.10E+04 4.96E+02 1.50E+00 1.07E-03 1.90E+03 1.23E-05 ASMD LKR 28 
3.43E+00 6.24E+05 1.36E+06 4.82E+02 4.07E+01 2.26E-01 7.01E+04 6.53E-05 ASMD LKR 48 
B Y - I l l  
BY-102 
BY-101 
BY-103 
BY-110 
BY-104 
BY-106 
4.45E-01 5.36E+05 1.40E+05 1.03E+02 1.10E+02 1.22E-01 7.61E+04 2.05E-04 SOUND 
2.14E+00 3.66E+05 3.24E+05 9.57E+01 9.24E+01 1.74E-01 1.30E+05 2.53E-04 ASMD LKR 
3.14E-01 5.75E+05 3.67E+05 2.27E+01 1.40E+02 2.17E-01 9.91E+04 2.43E-04 SOUND 
2.14E-01 3.89E+05 1.77E+05 1.56E+01 1.04E+02 1.15E-01 6.98E+04 2.67E-04 SOUND 0 
2.87E+00 5.61E+05 8.73E+05 4.21E+02 1.48E+02 1.63E-01 1.07E+05 2.63E-04 SOUND 37 
1.96E-01 5.44E+05 5.57E+05 7.64E+01 1.57E+02 1.78E-01 7.96E+04 2.88E-04 ASMD LKR 9 
3.65E+00 4.35E+05 2.34E+05 9.32E+02 1.15E+02 1.47E-01 1.70E+05 2.65E-04 SOUND 43 
O.OOE+OO 5.36E+05 5.69E+05 O.OOE+OO 1.51E+02 1.68E-01 1.05E+05 2.82E-04 SOUND 46 
8.71E+00 5.17E+05 8.08E+05 1.40E+02 1.41E+02 1.70E-01 2.61E+05 2.73E-04 ASMD LKR 32 
01 
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APPENDIX C. TECHNETIUM REMOVAL 
TECHNETIUM ION EXCHANGE IN NEW UNDERGROUND VAULTS 
BACKGROUND 
Technetium-99 is one of the major contaminants of concern in Early LAW WTP secondary 
waste. Removal of technetium (Tc) from the Early LAW feed is one of several mitigating 
approaches considered in this study. An evaluation of technetium removal technologies in 
support of an Early LAW study and selection of ion exchange as the preferred technology was 
completed in 2006.5 
A technetium ion exchange (Tc IX) process could be deployed in conjunction with the IPS 
cesium removal process or as a separate facility built to treat the WTP LAW secondary liquid 
effluent. Since the costs of both approaches are expected to be similar, only the concept for 
deployment in conjunction with IPS is considered in this study. 
Although not required to meet performance assessment requirements for the disposal of the 
ILAW glass, a separate system could be deployed to separate 99Tc to support WTP LAW 
secondary waste disposal. Technetium is present as both the pertechnetate anion and a stable 
compound thought to be Tc(CO)3(gl~conate)~~ complexes in the LAW solutions6. No process 
has been demonstrated that has successfully separated the Tc(CO)3(gl~conate)~~ complexes from 
LAW solutions. The pertechnetate anion could be separated from the pretreated LAW solution 
following cesium removal. The Department of Energy and other institutions has investigated 
technetium removal processes over the past 40-years. These technetium removal processes 
include: 
. 
. 
. 
. 
Fractional Crystallization 
Precipitation: 
- 
- Sulfide precipitation 
Ion Exchange 
Solvent Extraction. 
Tetraphenyl phosphonium (TPP) bromide precipitation 
While other technologies, such as electrochemical separation that separate technetium from 
radioactive waste solutions may exist, the four technologies listed above represent a spectrum of 
available technologies that could possibly be deployed by the required schedule to pretreated 
RPP-RPT-30160, 2006, Suppovting Information fov the Evaluation of Waste Tveatment andlmmobilization Plant 
(WTP) Low Activity Waste (LAW) Stavtup Fivst Scenario, M. E. Johnson, CH2MHILL Hanford Group Inc., 
Echland WA. 
Shun et al, Lawrence Berkeley National Laboratory, Berkeley CA. 
LBNL-54240,2003, Reseavch Pvogvam to Investigate the Fundamental Chemistry of Technetium, page 20, D. K. 
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LAW solutions. The primary criteria used to evaluate these technetium removal technologies for 
pretreating LAW solutions for immobilization in the WTP LAW Vitrification facility are: 
. 
. 
. 
. 
. 
. 
. 
Proven Technology 
- Sufficient information must exist to design a full-scale cesium removal 
process to pretreat LAW solutions for immobilization in the WTP LAW 
Vitrification facility 
- Candidate technology must have been demonstrated at the lab-scale or 
larger with LAW solutions or similar radioactive wastes 
Candidate technology must have been demonstrated at the pilot-scale or 
larger using non-radioactive LAW or similar simulants 
- 
Proven performance 
Maximum use of DOE Technology investments 
Minimum impact to treated waste stream (e.g. composition) 
Minimum secondary wastes 
Ease of implementation 
Probability for success on schedule required. 
These technologies are capable of removing technetium from typical SST salt cake waste and 
DST waste solutions; however the percentage of technetium removed can vary significantly 
between these technologies. 
While IX and the selected resin are preferred to remove technetium from the Early LAW feed 
stream, a different IX resin or another technology may be preferred to remove technetium from 
the WTP secondary waste stream. 
PROCESS DESCRIPTION 
The deployment concept for the Tc IX process in a new underground vault is shown in Figure C- 
1. Similar to the Cs IX process, the Tc IX process vessels and ion exchange columns are sized to 
supply pretreated LAW solution to support operation of two LAW Vitrification melters. This 
production rate of pretreated LAW is sufficient to support operation of two LAW Vitrification 
melters producing 30 MTG/day with an average waste sodium oxide loading of -18 wt% and an 
operating efficiency of 70%. 
45 
RPP-RPT-37924, Rev. 0 
Figure C-1. Tc Ion Exchange Process in New Vault. 
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Cesium-denuded LAW solution exiting the Cs IX columns would be collected in the Tc IX feed 
vessel. The Tc IX feed vessel also receives and transfers to the IX columns all of the chemicals 
used to elute and regenerate the resin. The IX columns contain a total of 750 liters (-200 
gallons) of resin. The resin selected for pertechnetate removal from LAW solution is 
SuperLig@ 639, manufactured by IBC Advanced Technologies, American Fork, Utah. This resin 
was previously tested by the WTP project and demonstrated to be effective for pertechnetate 
removal from LAW solutions. 
The IX columns are loaded in series (lead column and polishing column) to remove 
pertechnetate from the cesium-denuded LAW solutions. An estimated 99 to 99.5% ofthe 
pertechnetate is removed from the LAW solution, however, none of the non-pertechnetate is 
removed. Since the fraction of pertechnetate and non-pertechnetate (typically 1 to 5% of the 
total technetium) in each of the candidate LAW feeds is not known, the total Tc DF is not known 
at this time. The pretreated LAW solution is transferred from the lag IX column to two DCRTs 
(DCRT-1 and DCRT-2). The pretreated LAW solution is sampled and analyzed prior to transfer 
to the LAW Vitrification facility. 
After loading, the two IX columns are flushed with 0.1M sodium hydroxide solution to remove 
residual feed solution, eluted with warm (65°C) water and conditioned for re-use with 0.25M 
sodium hydroxide solution. A DCRT receives the technetium eluate from the IX columns, which 
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is mixed with the column regeneration solutions and additional sodium hydroxide and sodium 
nitrite solutions, then transferred to an existing DST for interim storage. 
Spent IX resin is fluidized from the columns and collected in the spent resin collection vessel 
installed as part of the cesium ion exchange process. Replacement of the Tc IX resin is not 
anticipated during the assumed five-year operating period of this process. 
EQUIPMENT 
The new process vault containing the Tc IX equipment is shown in Figure C-1. The vault will be 
constructed with 3 ft thick reinforced concrete walls and cover blocks. The vault is lined with 
stainless steel to provide secondary containment for waste solutions. Cover blocks are 
removable shielding that provides maintenance access to the process piping and equipment. The 
vault is separated into three areas: 
. 5 (W) x 20 (H) x 30 ft (L) valve area 
30 (W) x 20 (H) x 15 ft (L)Tc IX process area 
10 (W) x 10 (H) x 10 ft (L)off-gas treatment area. 
Table C- 1 lists the major process equipment associated with the Tc IX process. Table C- 2 lists 
the capacity and size of the chemical storage tanks associated with the Tc IX process. The Tc IX 
process would use the sodium hydroxide and sodium nitrite chemical storage tanks provided by 
the Cs IX process. 
Table C- 1. Technetium Ion Exchange Process Vaults and Process Equipment. 
Component Dimensions Features (',*) 
(d x h orw x 1 x h) 
Valve Vault 5 x 3 0 x 2 0 f t  Concrete below grade structure 
Adjacent to IX column (Internal Dimensions) with ft thick 
vault 3 ft thick concrete cover 
blocks at grade 
walls up to bottom of cover blocks 
(1) sump, each with (1) remote 
read-out leak detector 
Stainless steel lined floor and 
PUREX-type Jumpers 
Remote connector heads 
(12) MOV chemical /waste 
service 
(13) Instrumentation 
(12) Electrical power to MOVs 
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Features (',*) Component 
IX Equipment Vault 
Two (2) Ion Exchange 
Column 
Hard Piping connections 
IX Feed Vessel 
Hard Piping Connections 
Dimensions 
(d x h orw x 1 x h) 
30 x 15 x 20 ft 
(Internal Dimensions) 
3 x 10 ft 
(capacity 760-liters of 
resin per column) 
9.6 x 9.6 ft  
(capacity 5,250-gallons) 
Pump 
Technetium Eluate Vessel 12.4 x 12.4 ft 
Concrete below grade structure 
with 3 ft thick walls 
blocks at grade 
3 ft thick concrete cover 
walls up to bottom of cover blocks 
(1) sump, each with (1) remote 
read-out leak detector 
Remote connector heads 
(2) resin retention screens 
internal to column 
Resin fluidization / extraction 
cone 
Remote connector heads 
(2) Remote ICP-AES unit 
(10) Chemical /waste service 
(2) Temperature element 
(2) Differential pressure 
Stainless steel lined floor and 
(1) Temperature element 
(1) Pressure 
(1) Liquid level 
(1) Vessel off-gas 
(3)Piping 
(1) Electrical power to pump 
75-gpm 
Internal cooling coil 
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Features (',*) Component 
Hard piping connections 
Dimensions 
(d x h orw x 1 x h) 
Pump 
Mixer / agitator 
Sampler 
Vessel Off-gas Treatment 10 x 10 x 10 ft 
System Structures for IX 
Equipment and DCRT-3 
(Internal Dimensions) 
Contains condenser, heater 
and HEPA filter units 
Below grade 
Above grade 
and mixer 
(1) Temperature element 
(1) Pressure 
(1) Liquid level 
(1) Vessel off-gas 
(1) Sample lines 
(2) Cooling water 
(4)Piping 
75-gpm 
7.5 amp motor 
Impeller type blades 
Remote sampler unit in cabinet 
Concrete below grade structure 
with 1 ft thick walls 
blocks at grade 
walls up to bottom of cover blocks 
Remote connector heads 
Condenser 
Heater 
(2) 2 x 2 ft HEPA filters 
500-cfm exhaust fan with 
damper controller 
Continuous emission 
monitoring system 
50 ft height stack 
duct 
(2) Electrical power to pump 
1 ft thick concrete cover 
Stainless steel lined floor and 
(2) filter units, each containing 
100 ft x 2ft diameter exhaust 
(1) All vessels, jumpers, exhaust duct, stack, condenser, heater, filter housings, pump and agitator shafts are 
manufactured from 304-L or 316-L stainless steel 
MOV ~ motor operated valve 
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Table C- 2. Chemical Storage Tanks. 
Dimensions 
(d x h) 
9.6 x 9.6 ft 
(capacity 5,250-gallons) 
5 X 5 f t  
(capacity 735-gallons) 
Material of 
Construction 
Painted Carbon 
Steel with 
insulation 
Painted Carbon 
Steel 
Components 
10 gpm 
Level measurement 
Painted concrete spill 
containment basin 14 x 14 x 4.5 ft 
In-line heater unit ~ discharge 
water temperature 65°C 
Variable flow rate pump 0 to 
10 gpm 
Level measurement 
Painted concrete spill 
containment basin 7 x 7 x 2.52 ft 
Variable flow rate pump 0 to 
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APPENDIX D. HNF-37718, LOW ACTIVITY WASTE FACILITY SECONDARY 
WASTE TO EFFLUENT TREATMENT FACILITY TREATABILITY EVALUATION. 
1.0 INTRODUCTION 
CH2M Hill has requested that Fluor Hanford, Inc. (FH) perform a high level study on secondary 
waste streams from the Low Activity Waste (LAW) facility to determine the most suitable 
secondary waste management process. A forecast of the radioactive, dangerous liquid effluents 
expected to be produced by the LAW facility was provided in the Letter, Analyze and Predict 
Early LAW Secondary Waste Streams ~ Task Order no. 14 (Letter # AEM 075). The forecast 
represents the liquid effluents generated from the processing of Tank Farm waste through the 
LAW facility which consists of submerged bed scrubber solution (SBS), wet electrostatic 
precipitator solution (WESP), and caustic scrubber solution. The LAW forecast is provided in 
the Appendix A. The LAW liquid effluents would be stored, treated, and disposed of in the 
Liquid Effluent Retention Facility (LERF) and the Effluent Treatment Facility (ETF). Both 
facilities are located in the 200 East Area and are operated by FH for the U.S. Department of 
Energy (DOE). 
Three options were asked to be evaluated. In all three of the options, the LAW effluent is 
processed through ETF similarly; the only difference between the different options is the 
disposition of the evaporator brine as described below. Each of the options will be evaluated at 
an evaporator brine chloride/fluoride concentration of 10,000 parts per million (ppm) and 40,000 
PPm. 
Option 1: Process at ETF for Final Disposal. In this option the full LAW effluent 
would be sent to the ETF for processing for final disposal of secondary waste at the 
Integrated Disposal Facility (IDF). 
Option 2: Recycle ETF Evaporator Brine to Tank Farms via Tanker. In this option, 
the full LAW effluent would be processed through the ETF evaporator and the brine 
recycled back to Tank Farms via tankers. 
Option 3: Recycle ETF Evaporator Brine to Tank Farms via New Pipeline. In this 
option, the full LAW effluent would be processed through the ETF evaporator and the 
brine recycled back to Tank Farms via a new pipeline or hose-in-hose. 
The treatability evaluation was conducted by comparing the LAW effluent forecast to the 
LERF/ETF treatability envelope (HNF-3 172), which provides information on the items that 
determine if a liquid effluent is acceptable for receipt and treatment at the LERF/ETF. The 
format of the evaluation corresponds directly to the outline of the treatability envelope document. 
Background information on the LERF/ETF design basis is provided in the treatability envelope 
document. 
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2.0 WASTE ACCEPTANCE PROCESS 
The process for acceptance of a waste into the LERF/ETF involves a series of steps. The 
acceptance process is designed to take full advantage of the flexibility and robust nature of the 
LERF/ETF systems. The LERF/ETF aqueous waste acceptance process involves the following 
three steps: (1) assemble waste information and screen for completeness; (2) compare waste to 
regulatory envelope; (3) compare waste to design envelope. 
3.0 ADDITIONAL INFORMATION REQUIRED 
Below is a preliminary list of additional information that is required to provide a complete 
treatability evaluation. 
. Regulatory designation of waste  this is required to complete the regulatory 
evaluation for permit compliance. For the purpose of this treatability evaluation, 
it is assumed that the 242-A process condensate waste codes, F001-F005, apply to 
the LAW effluent. 
. Identification of specific Organics   this information is required to complete the 
regulatory evaluation for air and water discharges, and the design review for 
operation of the organic destruction unit. For the purposes of this treatability 
evaluation, it is assumed that the individual organics will be similar to those in the 
242-A process condensate that ETF has successfully treated. 
. Integrated Disposal Facility (IDF) acceptance criteria ~ this information is needed 
to determine the acceptability of the ETF generated secondary waste at IDF and if 
any additional treatment is required. 
4.0 REGULATORY ENVELOPE 
The operation of the LERF and ETF is regulated under permits and approvals issued by the 
Washington State Department of Ecology (Ecology), Washington State Department of Health 
(WDOH), and the U.S. Environmental Protection Agency (EPA). The operation ofthe 
LERF/ETF is also authorized by the Department of Energy (DOE) and is therefore subject to the 
requirements contained in DOE Orders. This section evaluates the LAW forecast against the 
LERF/ETF environmental regulations/permits and safety documentation as discussed in the 
LERF/ETF treatability envelope document. 
4.1 NEPAISEPA 
The regulations require that all modifications associated with a given project be addressed in a 
single environmental document (e.g., Environmental Assessment, Environmental Impact 
Statement). It is assumed that the environmental document to be prepared by the LAW Project 
will address all changes to the LERF/ETF associated with LAW aqueous effluent 
discharges/recycles and will be in place prior to discharging any effluents to LERF or ETF. 
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4.2 DANGEROUS WASTE PERMIT AND DELISTING 
The LERF and ETF are permitted under the dangerous waste regulations in Washington 
Administrative Code (WAC) 173-303. The LERF and ETF are included in the Hanford Facility 
Resource Conservation and Recovery Act (RCRA) permit for treatment and storage of dangerous 
wastes with specific waste codes. The ETF treated effluent is also covered under a delisting (70 
FR 44496, August 3, 2005) that allows the ETF treated effluent to be discharged to a State 
Approved Land Disposal Site (SALDS). The permit and delisting allows for the acceptance of a 
variety of new feeds using a waste acceptance process. A designation of the LAW effluent has 
not been provided, however, the LERF/ETF has received Tank Farm waste via the 242-A 
Evaporator with waste codes FOOl ~ F005, and it is assumed that these same waste codes would 
apply to the LAW effluent. Based on the forecast, the DO07 waste code for chromium would 
also apply. Waste with these waste codes can be accepted at the LERF/ETF and the LAW 
effluent is within the delisting treatability envelope. However, this screening cannot be complete 
until individual organic analytes have been identified, 
For each of the approaches, update of the ETF/LERF portion of the Hanford Facility RCRA 
permit would be necessary to include modifications to the tanks and operation of the ETF. It is 
assumed that any new pipeline from the ETF to Tank Farms would be covered under a CH2M 
Hill RCRA permit and they would be responsible for the necessary permit modifications. 
4.3 STATE WASTE DISCHARGE PERMIT 
Treated effluent from the ETF is discharged to a SALDS under the State Waste Discharge Permit 
ST4500. This permit allows the LERF/ETF to accept generator effluents containing approved 
constituents of concern at approved concentrations. If the LERF/ETF wishes to receive a waste 
with a new constituent of concern, or a previously approved constituent at a higher 
concentration, a characterization study must be submitted to Ecology demonstrating that the ETF 
can treat the waste to an acceptable level. Of the constituents identified in the LAW effluent, 
only boron is above the approved concentration. At a minimum, a characterization study of this 
constituent identifying it as a new constituent of concern will need to be submitted to Ecology 
for approval. It is not anticipated that obtaining Ecology approval should be an issue. However, 
once the individual organic analytes have been identified, this screening will need to be re- 
evaluated. 
4.4 LERF RADIOLOGICAL INVENTORY MANAGEMENT 
The LERF is classified as a below Category 3 nuclear facility. Appendix D- 1 of the LERF/ETF 
waste acceptance criteria document (HNF-3 172) gives the radionuclide source term levels. For 
the LAW effluent, at least one radionuclide in every batch exceeds the LERF bounding source. 
If the LERF source term is exceeded, then a second screening is accomplished by comparing the 
calculated dose consequences for the LAW effluents to the maximum allowable dose from pool 
evaporation and spray release accident scenarios of 1.32 rem and 3.5 rem, respectively. Of the 
eight batches, only the LAW effluent generated from Tank AP-107 exceeds the maximum doses 
and therefore is not acceptable into LERF. Ruthenium-106 (64% of the dose) and Plutonium 
239/240 (25% ofthe dose) were the major dose contributors. 
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The LERF could be recategorized as a nuclear facility, however the cost and consequences 
associated with recategorizing the facility would need to be addressed and is outside the scope of 
this treatability evaluation. 
252,000 Maximum Batch Volume (gallons) 
4.5 ETF RADIONUCLIDE INVENTORY MANAGEMENT 
223,000 221,000 150,000 195,000 253,000 122,000 346,000 
The ETF is classified as below Category 3 nuclear facility. To maintain this designation, the 
authorization basis for ETF requires that the radionuclide inventory will not exceed the DOE 
Standard 1027-92 Hazard Category 3 sum-of-fractions threshold of 1 .O. Radionuclide inventory 
control at ETF is accomplished by characterizing feed streams for radionuclide inventory and 
calculating a maximum allowable feed batch volume that can be present at ETF. Once the ETF 
has treated the maximum allowable feed batch volume, the facility must remove radionuclide 
inventory by shipping solid waste out of the facility. 
Strontium-90 
The calculated maximum allowable feed batch volumes of the LAW effluents range from 
122,000 gallons to 346,000 gallons, as given in Table 4-1. With these batch volumes, and an 
annual average LAW feed rate of 9 gpm, ETF should have sufficient capacity to handle the 
LAW waste. This can be accomplished by the large surge capacity available in the LERF basins 
and by the ETF evaporator having excess capacity to treat these batches, allowing downtime for 
shipment of the final waste form as given below for each of the different approaches. 
35% 9% 20% 32% 33% 24% 23% 35% 
Option 1 ~ At a minimum, shipments to IDF would range from 1 shipment every two days to 
two shipments every two weeks, depending on whether the chloride/fluoride concentration is 
10,000 pprn or 40,000 pprn (Section 5.0). This frequency accounts for the five day cure time for 
the blocks. For the purpose of this evaluation, a shipment is defined as ten 3-cubic feet solidified 
blocks. 
Ruthenium-106 
Option 2 ~ At a minimum, tanker shipments of evaporator brine to Tank Farms would range 
from 1,500 gallons every two days to 3,000 gallons every two weeks, depending on whether the 
chloride/fluoride concentration is 10,000 pprn or 40,000 pprn (Section 5.0). 
22% 42% 
Option 3 - Evaporator brine is a continuous feed to Tank Farms, or at a minimum of 1,500 
gallons every two days to 3,000 gallons every two weeks, depending on whether the 
chloride/fluoride concentration is 10,000 pprn or 40,000 pprn (Section 5.0). 
Table 4-1 summarizes the major radionuclide contributors to the maximum batch volume. 
Table 4-1. Major Radionuclide Contributors to Maximum Batch Volume 
I I AP-104 I AP-102 I AP-101 I AP-103 I AP-105 I AP-108 I AP-107 I AN-104 I 
I Iodine-129 I 48% I 76% I 39% I 51% I 52% I 60% I 21% I 44% I 
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4.6 RADIOACTIVE AIR EMISSIONS 
The LERF and ETF radioactive air emissions are regulated under WAC 246-247. The facilities 
are permitted for radioactive air emissions through the Washington Department of Health 
(WDOH) approval of a Notice of Constructions (NOC) that is incorporated into the Hanford Site 
Operating Permit. The approval includes a curie limit called a "potential-to-emit", which is 
calculated as a fraction of the radionuclide quantity at the facility. The WDOH approval 
assumes strontium-90, cesium- 137, and plutonium-239/240 are the only radionuclides that 
contribute over 10% of the dose. For the LAW effluent, the radionuclide content is within the 
potential-to-emit; however, at a minimum, notification to WDOH is required since the 
technetium-99 will contribute over 10% of the allowable dose. WDOH often imposes a 
requirement to sample constituents that contribute over 10% of the allowable dose. If so, the 
ETF stack sampler would need to me modified to sample for technetium-99. Such a 
modification is not expected to have a significant impact on the facility cost or operation. 
For Options 1 & 2, the existing NOC would need to be expanded to include any new emission 
sources and if a new ventilation system is installed, stack sampling equipment would be required. 
The current NOC and WDOH approval for LERF/ETF assumes iodine-129 is in the liquid-phase. 
One concern is processing LAW effluent at low pH (Le., acidic) will convert the iodine-129 to a 
gas, increasing its potential-to-emit. If iodine-129 were to volatilize, notification to WDOH 
would be required because the iodine would contribute over 10% of the allowable dose and 
iodine would adsorb on the activated carbon absorbers in the ETF vessel off-gas requiring 
frequent change-outs of the activated carbon. Table 4-2 summarizes the carbon change-out 
frequency and cost. It appears that by bypassing the ETF evaporator feed/distillate heat 
exchanger, as discussed in Section 5.3, the LAW effluent can be processed at a high pH (i.e., 
caustic range) where iodine- 129 will not volatilize and will remain in the evaporator brine. 
Table 4-2. Activated Carbon Change-out Frequency and Cost 
1898 
l l l n  
3.37E-08 
2.99E-08 
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3.79E-01 
3.36E-01 
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2142 
1898 
~ 
A l l 0  
1.36E-02 
1.36E-02 
I O  I 1cc "7 
- 
- 
I .,.+a ,.,.+a I" 
AN-I04 I 2,929,909 I 1.62E-08 I 1.80E-01 I 1015 I 1015 I 13 I 1.36E-02 I 222,245 I $145,000 
4.7 NONRADIOACTIVE AIR EMISSIONS 
Nonradioactive air emissions from the LERF and ETF are regulated under WAC 173-400 and 
173-460 and are permitted by Ecology approval of a Notice of Construction (NOC). The 
approval order allows the ETF to treat waste streams containing toxic air pollutants and identifies 
specific pollutants that are approved for treatment. The constituents that have been identified in 
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the LAW effluent forecast are within the current NOC; however, once the individual organic 
analytes have been identified, this screening will need to be re-evaluated. Processing the LAW 
effluent at a high pH (caustic range) will result in off-gassing of the ammonia, however, the 
ammonia emission concentration will be below the allowable small quantity emission rate. 
Brine at 
10,000 ppm 
chloride/fluoride 
Brine at 
40,000 ppm 
chloride//fluoride 
4.8 PACKAGING REQUIREMENTS 
AP-104 AP-102 AP-101 AP-103 AP-105 AP-108 AP-107 AN-104 
6,300 8,600 1,600 4,000 7,300 7,100 640 10,000 
1,600 2,200 420 1,000 1,800 1,800 160 2,600 
Waste shipments must meet certain US Department of Transportation (DOT) requirements 
depending on the total radionuclide curie content of each shipment. The projected ETF 
evaporator brine for each LAW effluent batch was compared to the A2 values in Table ofAl and 
A2 Values for Radionuclides of 49 CFR 173.435. Summarized in Table 4-3 is the maximum 
shipping volume for each of the batches to stay below an Az quantity. If a shipment exceeds an 
A2 quantity then specification packaging is required. In addition, 49 CFR 173.441 dose rate 
limits must be met, however, modeling dose rates were not performed for this treatability 
evaluation. 
Table 4-3: Maximum Shipment Volumes (in gallons) 
For Option 1, a solidified block which is considered a package, would be below an Az quantity 
since the volume of the brine per package is 150 gallons. For Option 2, a tanker shipment of 
brine to Tank Farms could not exceed the volumes given in Table 4-3 in order to stayh below 
and Az quantity. 
5.0 DESIGN ENVELOPE 
The ETF consists of a series of process units that are configured to provide treatment for 
contaminants that might be present in aqueous wastes generated on the Hanford Site. The main 
treatment train includes those process units that destroy or remove dangerous and radioactive 
constituents from the aqueous waste. The unit operations of the main treatment train include pH 
adjustment, filtration, ultraviolet light mediated peroxide oxidation (UWOX), degasification, 
reverse osmosis (RO), and mixed-bed ion exchange. Those constituents rejected from the main 
treatment train are concentrated and dried into a powder in the secondary treatment train (STT) 
via an evaporator and thin film dryer. The new solidification treatment unit required for 
Option 1 (Section 5.3.6) would supplement/replace the thin-film dryer. Provided in Figure 5-1 is 
a flow diagram of the existing ETF process. 
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Figure 5-1. ETF Process Diagram 
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5.1 SUSPENDED SOLIDS 
All feeds are required to be filtered through a 5-micron (nominal) filter before receipt in the 
LERF or at ETF. Additional filtration could be required if a significant amount of suspended 
solids remain after the 5-micron filtration. 
5.2 ORGANICS 
Organic destruction rates for the ETF UV/OX unit have been established through actual 
operating experience and pilot plant testing. The total organic carbon (TOC) levels in the LAW 
effluent are below what has historically been seen in the 242-A process condensate that the ETF 
has successfully treated. There should be no issues with treating the organics in the effluent. 
Once the individual organic analytes have been identified reevaluation will be necessary. 
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5.3 DISSOLVED SOLIDS 
The concentration and nature of dissolved solids in a waste stream have a significant impact 
upon the LERF/ETF systems. The primary areas of concern include scaling of unit operations 
and compatibility with materials of construction. The composition of the LAW effluent makes it 
extremely difficult to process directly through the ETF MTT. Based on the analysis of the LAW 
effluent it is recommended that it first be processed through the evaporator, and the evaporator 
distillate then processed through the MTT. 
Following is a discussion of the specific parameters that drive the decision to modify the ETF 
flowsheet by sending the LAW effluent directly to the evaporator rather than through the normal 
path into the MTT. 
5.3.1 Chloride, Fluoride And Pitting Corrosion 
The tanks and piping in the MTT are composed almost entirely of 304 stainless steel (SS). The 
levels of chloride/fluoride in the LAW effluent will cause pitting corrosion in 304SS at the pH 
levels normally seen in the ETF MTT. Although raising the pH could mitigate some of the 
potential for pitting corrosion, it is not possible to do this as it would severely impact unit 
operations in the MTT, such as carbon dioxide degasification and RO. 
5.3.2 Degasification of Carbon Dioxide 
Carbonates exhibit very low solubility and would present a scaling problem in the RO. The 
presence of high levels of carbonates and bicarbonates in the feed would require the stream pH to 
be lowered to approximately 4.0 ~ 5.0 so that the carbonate and bicarbonate could be converted 
to dissolved carbon dioxide gas and stripped out of the feed by the degasification column. 
However, in this pH range the 1-129 in solution would also be converted from a dissolved solid 
to a dissolved gas and be removed from the stream by the degasification column. The 1-129 
would then be captured by the activated carbon beds in the Vessel Off Gas (VOG) system. The 
high levels of 1-129 would necessitate frequent change-out of the carbon beds as discussed in 
Section 4.6. The high maintenance and operating costs of doing this make it very undesirable to 
operate in this manner. 
5.3.3 Scaling in the RO 
To avoid scaling of the RO membrane surface, the operation of the unit is controlled so solubility 
limits are not exceeded. The existing brackish water membranes used in the RO units at the ETF 
have an upper feed limit of 0.5 weight percent dissolved solids. Based on the LAW effluent, the 
average total solids are approximately 0.3 weight percent. However, the presence of relatively 
high levels of silica and aluminum make it likely that scaling of the RO membranes with 
aluminum silicate will occur. Currently available RO scale inhibitor chemicals would be 
incapable of preventing scaling of aluminum silicate on the RO membranes. Other sparingly 
soluble salts such as calcium fluoride, calcium carbonate, magnesium ammonium phosphate and 
lead carbonate would also present potential scaling problems in the RO. 
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5.3.4 Effect of Oxidizing Materials on RO membranes 
RO membranes degrade when exposed to strong oxidizers. Iron in the plus three valence state is 
particularly damaging to RO membrane surfaces. The manufacturer of the thin-film polyamide 
membranes in the RO, recommends exposing the membranes to no more than 0.05 ppm of iron 
with a plus three valence in the feed. The LAW effluent averages 7.9 ppm of dissolved iron. 
Even though no specific data is available on the particular valence state of the dissolved iron, it is 
reasonable to assume that a significant portion is in the plus three valence and would therefore be 
harmful to the RO membranes. 
5.3.5 Evaporator Operation 
Extensive ETF operating experience indicates that the evaporator distillate will be low in 
dissolved solids and should be processed very efficiently through the MTT. The current feed 
envelope does not contain organics. If relatively volatile organic species are present in the feed 
that ETF receives it is possible that more frequent change-out of the Vessel Off-Gas (VOG) 
carbon adsorption beds will be required. The change-out frequency will depend on the volatility 
and amount of organics present in the feed. Based on the LAW effluent forecast, no 
modifications should be required to the MTT or VOG for processing of this feed. 
5.3.5.1 Evaporator Scaling 
In normal operation the feed would flow through the feed/distillate heat exchanger where the 
distillate would be used to preheat the feed and then the heated feed would flow into the 
evaporator vessel. High levels of carbonate, aluminum, silica, and fluoride are a cause for 
concern in regards to operation of the evaporator. These species are near saturation in the 
incoming feed and are likely to precipitate out as the solution is heated in the feed preheater and 
concentrated in the evaporator. The main species of concern are calcium fluoride, magnesium 
fluoride, calcium carbonate, aluminum silicate, calcium silicate, magnesium silicate and possibly 
other double or triple salts. Calcium carbonate exhibits inverse solubility with temperature, i.e. it 
becomes less soluble at higher temperatures, which makes it particularly susceptible to plating 
out on heat exchange surfaces. The pH of the solution could be decreased to convert the 
carbonate and bicarbonate to dissolved carbon dioxide gas, but this would also convert the 
iodine-129 to the dissolved gas form, causing it to off-gas of the VOG and load the VOG 
activated carbon beds. Per the previous discussion on MTT degasification column operation this 
is undesirable due to the large increase in operating and maintenance costs. 
Silicate compounds also have a tendency to plate out on heat exchange transfer surfaces and 
could cause significant reductions in evaporator efficiency. Silicate scales can be very difficult 
to remove by chemical cleaning and might require shutdown of the evaporator in order to 
perform mechanical cleaning and removal of the scale. This could result in significant 
processing delays and concurrent increase in maintenance costs. It is hoped that the high fluid 
velocities through the evaporator heat exchanger will prevent significant scaling from occurring 
on the heat exchange surfaces but this will only be demonstrated through operating experience. 
Silica scaling has been experienced in the feed/distillate heat exchanger during previous ETF 
campaigns on feed with high silica content. The primary component of the scale was magnesium 
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silicate that was removed after extensive cleaning with a 1% solution of tetrasodium 
ethylenediaminetetraacetic acid (EDTA). In this case it is likely that aluminum silicate would 
scale the heat exchanger. Aluminum silicate is a particularly difficult scale to clean and remove. 
The low velocities and long residence time in the feed/distillate heat exchanger make this piece 
of equipment particularly susceptible to scaling. For this reason the evaporator feed will bypass 
the feed/distillate heat exchanger during normal operation on this feed stream. Cooling water 
will be connected to the feed/distillate heat exchanger in order to cool the distillate from 
approximately 215'F to lOO'F before it is transferred to the surge tank for processing in the 
MTT. Engineering analysis indicates that the existing cooling water system is sufficiently sized 
to handle this additional load with minimal modification. 
5.3.5.2 Evaporator Brine Chloride, Fluoride, and Pitting Corrosion 
The levels of chloride/fluoride in the feed stream will cause pitting corrosion to occur in the 
304SS pipe and Secondary Waste Receiver Tanks (SWRTs). In a previous operating campaign, 
levels of 500 ~ 600 pprn chloride in SWRT-A resulted in extensive chloride pitting corrosion of 
the tank wall. For this reason it will be necessary to replace the SWRTs and all associated piping 
that come into contact with the LAW effluent with more corrosion resistant materials. At a 
minimum 3 16L SS is recommended for the piping and 3 16L SS or fiberglass reinforced plastic 
(FRP) for the SWRTs. Given in Ficgure C-1 is the proposed location for the new tanks. 
A corrosion analysis performed in 1998 (Anantatmula, 1998) indicated that levels of up to 
40,000 pprn of chloride could be successfully processed in the evaporator without causing 
excessive corrosion of the Inconel evaporator. Chloride and fluoride exhibit very similar effects 
in regards to corrosion so fluoride will be assumed to behave the same as chloride for the 
purpose of this evaluation. Further analysis would have to be performed to confirm that a 
chloride/fluoride level greater than 40,000 pprn would not damage the inconel evaporator. Based 
on this existing analysis the concentration of chloride plus fluoride will be limited to 40,000 pprn 
in the evaporator. 
Evaporator brine chloride levels in excess of 10,000 pprn will result in excessive pitting 
corrosion in the existing 3 16L SS concentrate receiver tanks (CTs) and piping. For the options 
where the brine chloride is greater than 10,000 pprn it will be necessary to replace the CTs and 
all associated piping with more corrosion resistant materials in order to enhance operational 
longevity (Figure C-1). Inconel is recommended for the piping and inconel or FRP for the tanks 
5.3.6 Disposition of ETF Evaporator Brine 
Provided in Table 5-1 is the ETF generated secondary waste volume for the three different 
approaches. 
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Table 5-1. ETF Generated Secondary Waste Volumes 
Option 1 - Process at ETF for Final Disposal 
The LAW effluent matrix (e.g., high nitrates and carbonates) is not suitable for producing a 
secondary waste in a powder, thus requiring the thin-film dryer to be replaced. If the evaporator 
brine is to be treated at ETF it will require construction of a treatment unit that would solidify the 
evaporator brine and storage building to cure waste before it can be sent to IDF for disposal. 
Refer to Ficure C-2 for proposed location of the solidification treatment unit. For the purposes 
of this treatability evaluation, it is assumed that the solid waste disposal site for the Resource 
Conservation and Recovery Act (RCRA) designated grout blocks generated by the ETF during 
the treatment of the LAW effluent is the IDF. A design for the construction of a new 
solidification treatment unit at the ETF is 90% complete. Because of increase in costs, the 
project became a line-item. The Critical Decision-0 for the solidification treatment unit (i.e., 
Mission Need Statement) has been sent to DOE-RL but has not yet been approved. The draft 
Critical Decision-1 (i.e., alternatives study) is expected to be submitted to DOE-RL in fiscal year 
2009. Once these documents have been approved a definitive schedule for construction of the 
solidification treatment unit will be developed. 
Some preliminary testing of brine solidification has been completed on current waste streams 
processed through the ETF. Further testing would be necessary to establish the raw material mix 
(e.g., Portland cement, lime, fly ash, etc.,) for the LAW brine. During the testing it will be 
necessary to measure chromium leachability to determine if the land disposal restriction (LDR) 
treatment standard for chromium is met and the testing of getters that may be required to 
stabilize radionuclides if above the IDF acceptance criteria (e.g., technetium-99, iodine-129). 
One major concern is whether grout solidification is an acceptable waste form for stabilization of 
technetium-99 and iodine-129 for final disposal at IDF. Table 5-2 gives the estimated number of 
block generated along with curie content for each of the batches. The estimated total chromium 
levels in the brine are given in Table 5-3. 
Option 2 ~ Recycle ETF Evaporator Brine to Tank Farms via Tanker Truck 
One approach for treatment of the ETF evaporator brine is to transport it to Tank Farms via 
tanker truck where it will be off-loaded into an underground tank. This approach would require 
construction of a separate tanker loading facility to the east of the ETF (Figure C-2). The new 
facility would be a building approximately 75 feet by 100 feet with a confinement heating, 
ventilation, and air conditioning (HVAC) system. Building would be capable of holding a tanker 
and tractor, and tanks and equipment for a solids removal and handling system. The solids 
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removal system would be located in a separate room in order to provide containment of the 
radioactive solids. 
The equipment in the building would consist of: 
. A tank to receive evaporator brine from the ETF concentrate tanks. The tank 
An agitator for the brine receiving tank. 
A pump and piping system to move the brine from the receipt tank to the solids 
would be constructed of FRP or inconel. 
. 
. 
removal system. The wetted parts of the pump and piping would be constructed 
of inconel. 
. A solids removal and handling system, most likely a filter press. The wetted parts 
A conveyed drum system to receive the solids from the filter press 
A tank to receive the liquid effluent from the solids removal system. The tank 
A pump and piping system to transfer from the effluent tank to a tanker. The 
New tanker(s) from corrosion resistant material such as inconel or hastelloy. 
of the pump and piping would be constructed of inconel. 
. 
. 
would be constructed of FRP or inconel. 
. 
wetted parts of the pump and piping would be constructed of inconel. 
. 
Approach 3 ~ Recycle ETF Evaporator Brine to Tank Farms via New Pipeline 
This approach requires a new pipeline from the ETF to Tank Farms that meets all the current 
requirements that the existing Tank Farms pipelines meet (double encasement, leak detection, 
etc.). It is assumed that this pipeline will run from the ETF to the SN-701 pipeline near 242-A 
evaporator (Figure C-2). This would require approximately 6,000 feet of new pipe. 
62 
Projected total 
number of 3 ' 3 ' 9  
blocks 
Tritium 
Carbon-I4 
Cobalt-60 
Selenium-79 
Strontium-90 
Technetium-99 
Ruthenium-106 
Iodine-I29 
Cesium-I34 
Cesium-I37 
Europium-I 54 
Europium-I 55 
Uranium-232 
Uranium-233 
Uranium-234 
Uranium-235 
Uranium-236 
Uranium-238 
Neptunium-237 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 
Amercium-241 
Curium-243 
Curium-244 
~ 
AF 
Curii 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
1,500 
7.4E-03 
3.8E-03 
1.6E-04 
6.0E-04 
3.4E-02 
2.8E-01 
2.0E-07 
1.8E-04 
3.9E-07 
3.4E-02 
2.0E-04 
4.9E-04 
7.9E-08 
5.5E-07 
3.0E-07 
1.1E-08 
1.3E-08 
3.2E-07 
1.3E-06 
3.1E-06 
1.6E-05 
2.0E-05 
1.9E-05 
9.6E-05 
5.9E-07 
1.4E-05 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
AP-I02 
block Curieshlock 
Brine Brine Brine 
40,000 10,000 40,000 
Chloride Chloride Chloride 
Fluoride Fluoride Fluoride 
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Table 5-2. Curies per Block of Solidified Waste 
~ 
AF 
Curie 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
860 
3.8E-01 
2.0E-02 
2.5E-04 
1.1E-03 
3.8E-02 
4.8E-01 
2.7E-01 
2.9E-04 
9.6E-06 
6.1E-02 
9.4E-04 
1.6E-03 
6.2E-08 
7.9E-07 
5.4E-07 
2.0E-08 
4.4E-08 
4.1E-07 
9.5E-06 
5.9E-06 
8.1E-05 
1.4E-04 
3.9E-04 
5.2E-05 
5.9E-08 
1.3E-06 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
01 
,lock 
ppm 
Brine 
40,000 
Chloride 
and 
Fluoride 
~ 
220 
1.5E+00 
7.8E-02 
9.5E-04 
4.4E-03 
1.5E-01 
1.8E+00 
I.IE+OO 
1.1E-03 
3.7E-05 
2.4E-01 
3.7E-03 
6.3E-03 
2.4E-07 
3.1E-06 
2.1E-06 
7.9E-08 
1.7E-07 
1.6E-06 
3.7E-05 
2.3E-05 
3.2E-04 
5.4E-04 
1.5E-03 
2.0E-04 
2.3E-07 
5.2E-06 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
AF 
Curii 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
1,600 
1.5E-01 
1.6E-02 
2.2E-04 
1.OE-03 
4.9E-02 
3.4E-01 
1.8E-07 
2.9E-04 
1.5E-07 
3.2E-02 
3.2E-04 
4.2E-04 
7.8E-08 
3.3E-07 
2.4E-07 
1.OE-08 
6.7E-09 
2.4E-07 
1.1E-06 
4.4E-06 
3.2E-05 
3.9E-05 
3.9E-05 
3.OE-04 
3.6E-07 
7.8E-06 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
03 
block 
ppm 
Brine 
40,000 
Chloride 
and 
Fluoride 
~ 
420 
5.8E-01 
6.3E-02 
8.5E-04 
3.9E-03 
1.9E-01 
1.3E+00 
6.9E-07 
1.1E-03 
5.8E-07 
1.2E-01 
1.2E-03 
1.6E-03 
3.OE-07 
1.3E-06 
9.3E-07 
4.OE-08 
2.6E-08 
9.5E-07 
4.4E-06 
1.7E-05 
1.2E-04 
1.5E-04 
1.5E-04 
1.2E-03 
1.4E-06 
3.1 E-05 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
AF 
Curii 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
2,200 
2.6E-02 
4.5E-03 
1.2E-04 
1.2E-03 
3.0E-02 
2.5E-01 
7.4E-03 
1.7E-04 
3.1E-07 
2.4E-02 
7.7E-04 
6.7E-04 
2.1 E-08 
9.1 E-08 
3.0E-08 
1.2E-09 
1 . I  E-09 
2.7E-08 
8.4E-06 
2.4E-07 
4.7E-06 
6.9E-06 
1.4E-05 
6.8E-05 
2.3E-08 
4.0E-07 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
AP-108 
block Curieshlock 
Brine Brine Brine 
40,000 10,000 40,000 
Chloride Chloride Chloride 
Fluoride Fluoride Fluoride 
~ 
AF 
Curie 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
930 
3.8E-01 
1.6E-02 
4.0E-04 
1.3E-03 
7.6E-02 
6.0E-01 
8.9E-01 
2.6E-04 
1.3E-05 
5.6E-02 
1 SE-03 
2.6E-03 
4.5E-08 
6.5E-07 
5.2E-07 
2.1E-08 
2.5E-08 
4.4E-07 
8.6E-06 
1.7E-05 
1.9E-04 
3.6E-04 
1.2E-03 
6.3E-05 
2.3E-08 
5.0E-07 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
07 
,lock 
ppm 
Brine 
40,000 
Chloride 
and 
Fluoride 
~ 
230 
1.5E+00 
6.4E-02 
1.6E-03 
5.3E-03 
3.0E-01 
2.4E+00 
3.5E+00 
1.0E-03 
5.2E-05 
2.2E-01 
6.1E-03 
1.0E-02 
1.8E-07 
2.6E-06 
2.1E-06 
8.4E-08 
9.9E-08 
1.8E-06 
3.4E-05 
6.8E-05 
7.4E-04 
1.4E-03 
4.8E-03 
2.5E-04 
9.1E-08 
2.0E-06 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
Ab 
Curii 
Brine 
10,000 
Chloride 
and 
Fluoride 
ppm 
~ 
2,200 
1.7E-02 
5.3E-03 
1.4E-06 
4.7E-04 
1.7E-02 
2.3E-01 
5.9E-06 
8.1 E-05 
1.3E-07 
2.4E-02 
7.6E-11 
2.9E-11 
1.9E-09 
1.2E-07 
8.5E-08 
3.3E-09 
5.7E-09 
6.6E-08 
1.7E-07 
9.2E-08 
1.3E-06 
2.4E-06 
5.8E-06 
4.OE-05 
2.3E-09 
5.4E-08 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
04 
block 
ppm 
Brine 
40,000 
Chloride 
and 
Fluoride 
~ 
580 
6.6E-02 
2.0E-02 
5.5E-06 
1.8E-03 
6.5E-02 
8.8E-01 
2.2E-05 
3.1E-04 
4.9E-07 
9.1E-02 
2.9E-I0 
1.1E-I0 
7.5E-09 
4.6E-07 
3.2E-07 
1.3E-08 
2.2E-08 
2.5E-07 
6.4E-07 
3.5E-07 
4.8E-06 
9.2E-06 
2.2E-05 
1 SE-04 
8.8E-09 
2.1E-07 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
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Table 5-3. ETF Evaporator Brine Total Chromium Concentration (in ppm) 
Brine at 
10,000 ppm 
chloride/fluoride 
Brine at 
40,000 ppm 
chloride/fluoride 
AP-104 AP-102 AP-101 AP-103 AP-105 AP-108 AP-107 AN-104 
120 90 270 100 40 130 310 50 
460 370 1,000 400 160 510 1,200 170 
6.0 CONCLUSIONS AND RISKS 
FH could accept the LAW effluent at LERF/ETF based on the high level evaluation that was 
completed, with the exception of the LAW effluent generated from the treatment of Tank 
AP-107 waste which exceeds the LERF safety basis. This acceptance is contingent on the 
necessary permit modification and facility modifications being competed. Due to processing rate 
restriction with treating the LAW effluent, the ETF would not have the capacity to continue 
treating pump while receiving and treating the LAW effluent. 
A complete list of necessary ETF equipment modifications for the three options is given in 
Appendix B. For the purposes of this treatability evaluation, it was assumed that the individual 
organics and applied waste codes (plus DO07 for chromium) will be similar to those in the 242-A 
process condensate that ETF has successfully treated. 
6.1 ETF SAFETY BASIS RESTRICTIVE BATCH VOLUMES 
The ETF maximum allowable batch volumes for LAW effluents would range from 150,000 to 
346,000 gallons, depending on which LAW effluent batch is being treated (Table 4-1). These 
volumes were calculated based on maximum facility radiological inventory allowed within the 
ETF safety basis. With these batch volumes, and an annual average LAW feed rate of 9 gpm, 
ETF should have sufficient capacity to handle the LAW waste. This can be accomplished by the 
large surge capacity available in the LERF basins and by the ETF evaporator having excess 
capacity to treat these batches, allowing downtime for shipment of the final waste form as given 
below for each of the different approaches. 
Option 1 ~ At a minimum, shipments to IDF would range from one shipment every two days to 
two shipments every two weeks, depending on whether the chloride/fluoride concentration is 
10,000 pprn or 40,000 pprn (Section 5.0). This frequency accounts for the five day cure time for 
the blocks. For the purpose of this evaluation, a shipment is defined as ten 3-cubic feet solidified 
blocks. 
Option 2 ~ At a minimum, tanker shipments of evaporator brine to Tank Farms would range 
from 1,500 gallons every two days to 3,000 gallons every two weeks, depending on whether the 
chloride/fluoride concentration is 10,000 pprn or 40,000 pprn (Section 5.0). 
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Option 3 - Evaporator brine is a continuous feed to Tank Farms, or at a minimum of 1,500 
gallons every two days to 3,000 gallons every two weeks, depending on whether the 
chloride/fluoride concentration is 10,000 ppm or 40,000 ppm (Section 5.0). 
6.2 MODIFICATIONS TO ADDRESS CORROSION/SCALING OF ETF UNIT 
OPERATIONS/PIPING 
Common for all Options - The two primary concerns with treating the LAW effluent through 
the ETF common for all three options is compatibility with the materials of construction and 
fouling of some equipment. At a minimum, the two evaporator feed tanks and all associated 
piping that comes in contact with the LAW effluent would need to be repolaced with more 
corrosion resistant materials. Equipment fouling can easily overcome by routing LAW effluent 
directly to the evaporator, as was planned for bulk vitrification effluents. Additionally, the 
existing cooling water system would be extended to cool the evaporator distillate. 
For waste minimization, replacing the two evaporator brine receiving tanks and associated piping 
with corrosion resistant materials would allow the brine to be concentrated further resulting in a 
75 percent reduction in secondary waste that would either be sent back to Tank Farm or IDF 
depending on the final option chosen. 
6.3 ACCEPTABLE WASTE FORM FOR DISPOSAL AT IDF 
Option 1 - Some preliminary testing of brine solidification has been completed on current waste 
streams processed through the ETF. Further testing would be necessary to establish the raw 
material mix (e.g., Portland cement, lime, fly ash, etc.,) for the LAW brine. During the testing it 
will be necessary to measure chromium leachability to determine if the LDR treatment standard 
for chromium is met and the testing of getters that may be required to stabilize radionuclides if 
above the IDF acceptance criteria (e.g., technetium-99, iodine-129). One major concern is 
whether grout solidification is an acceptable waste form for stabilization of technetium-99 and 
iodine-129 for final disposal at IDF. 
6.4 EXCEEDENCE OF AN A2 QUANTITY 
If a shipment exceeds an A2 quantity then specification packaging is required. In addition, 
49 CFR 173.441 dose rate limits must be meet, however, modeling of dose rates were not 
performed for this treatability evaluation. Summarized in Table 4-3 is the maximum packaging 
volume for each of the batches to stay below an A2 quantity. For a chloride/fluoride limit of 
10,000 ppm, the maximum package volume to stay below an A2 quantity ranges from 1600 
gallons to 10,000 gallons. For a chloride/fluoride limit of 40,000 ppm, the maximum package 
volume to stay below an A2 quantity ranges from 420 gallons to 2,600 gallons. 
Option 1 ~ A solidified block, which is considered a package, would be below an A2 quantity 
since the volume of brine per package is 150 gallons. 
Option 2 ~ A tanker shipment of brine to Tank Farms could not exceed the volumes given in 
Table 4-3 in order to stay below an A2 quantity. 
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6.5 ADDITIONAL MODIFICATIONS FOR DISPOSITION OF EVAPORATOR BRINE 
Option 1 ~ This option would require a treatment unit that would solidify the evaporator brine 
into blocks and storage building to cure blocks before they can be sent to IDF for disposal. A 
design for the construction of a new solidification treatment unit at the ETF is 90% complete. 
Because of increase in costs, the project became a line-item. The Critical Decision-0 for the 
solidification treatment unit (i.e., mission need statement) has been sent to DOE-RL but has not 
yet been approved. The draft Critical Decision-1 (i.e., alternatives study) is expected to be 
submitted to DOE-RL in fiscal year 2009. Once these documents have been approved a 
definitive schedule for the construction of the solidification treatment unit will be developed. 
Option2 ~ This option would require construction of a separate tanker loading facility to the east 
of the ETF. The new facility would be a building approximately 75 feet by 100 feet with a 
confinement HVAC system. Building would be capable of holding a tanker and tractor, and 
tanks and equipment for a solids removal and handling system. The solids removal system 
would be located in a separate room in order to provide containment of the radioactive solids. 
Procurement of new tanker(s) made of corrosion resistant material such as inconel or hastelloy, 
would also be required. 
Option3 - This option requires a new pipeline from the ETF to Tank Farms that meets all the 
current requirements that the existing Tank Farms pipelines meet (double encasement, leak 
detection, etc.). It is assumed that this pipeline will run from the ETF to the SN-701 pipeline 
near 242-A evaporator. This would require approximately 6,000 feet of new pipe. 
7.0 REFERENCES 
Anantatmula, R. P., Lockheed Martin Hanford, to R.J. Nicklas, Waste Management Federal 
Services of Hanford, Impact ofProcessing Solutions with High Chloride Concentration 
on Corrosion ofEfluent Treatment Facility Construction Materials, Letter 7471 1-98- 
RPA-019, dated April 15, 1998. 
Aromi, E. S.,  Waste Management Federal Services of Hanford to T. K. Teynor, U.S. Department 
of Energy, Richland Operations Office, Liquid Efluent Retention Facility/Efluent 
Treatment Facility Treatability Envelope, Letter WMH-9758688, dated September 29, 
1997. 
Flour Hanford, Richland, Washington. 
HNF-3 172, Liquid Waste Processing Facilities Waste Acceptance Criteria, Rev. 1, March, 2001, 
66 
RPP-RPT-37924, Rev. 0 
APPENDIX A 
LAW Emuent Forecast 
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Engineering & Mawpinem CoAsulting 
A 
E M Consulting 
April 14,2008 
Lettw # AEM 075 
R. A. Bwk 
Bechtel National Inc. 
3000 George Washington Way 
Richland. WA 99352 
SUBJECT: Analyze and Predict Early LAW Secondary Waste Streams - Task Order no. 14 
Dear Mr. Burk: 
A E M Consulting, LLC has completed the preliminary analysis ofthe secondary waste skam 
for the first eight campaigns of Jkly LAW. The methodology and results of the analysis are 
discussed belaw. 
Methodology: 
The t a d  inventories fox the first eight campaigns were provided in SVlLI484 hteririm 
Preirentneent System DsTFeed Catculatiom. These inventories were fed through a simplified 
early LAW flowsheet to estimate the concentrations af secondary waste from tRt LAW facility. 
The shplified flowsheet gmaeded With the following steps; 
1. The feed was adjusted to I79 kgflu Na basis which is equivalent to approximiely 30 MTD at approximately I9 w% NazO. 
2. The €4 was diluted to 6M Na. 
3.  The Cs-137 was removed io  the limit of 1.68E-05 Ci/mole Na in the feed (BNI CCM 
155899). The percentage of C.- I37 removed was also applied to the Cs-134, 
4. Glass farmers were added based on a recipe pmvidd by Rod Gimpel [mail to GL 
W o r d  1/6/2008>. 
5. The LAW melter, Suhnergd Bed Scrubber (SBS), and Wet Electrostatic Preciphtor 
(WESP) decontamination factors (DF) were applied to the simulated W g I a s s  former 
solution to estimate the concentration of condensates. The DF's used were the modified 
DF's provided from MCR-07-0037138 (and email input h m  R. Chen of BM). 
6. WESP water acidition was estimated wing daily averages discussed in 24590-LAW- 
3YW-LOP-0000 1 System Description for LA W Primary O'as PTocss (LOP) a d  LAW 
Secomby @7$&wNesseI Vent Process (LVP) Systems. 
7. Caustic Scrubkr condensate d e u p  was estimated using an average of three AES tier 
model runs (Verification runs, Case I ,  2 and 4; 1 U2006). 
2417 Mark Avenue 4 Richland, Washington 99352 - 509-521-2509 aatLCOnsUk1@30l.~mI 
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RMIlltS: 
The combined condensate stream 00wCentrations projecwd h n  tankh~mtmies fbr the first 
dght campaigns are shown in TabIe 1 and 5 and the complete mks me provided elecmnicdly. 
The combined SBS, WESF, and caustic scrubber wndmsats streams were compared to 
LEWffiTF acceptance criteria which is summarized in the attached tables and disc& below. 
The limit: fir 99Tc and 241Am were d s m t l y  m d e d  far dl of the eight of the 
campaigns. The 99Tc exceeded the limit by an average of 136% and the 241Am 
exoeeded ihe limit by an average of 880%. 
I The limit for 10SR.u was exceeded for campaigns 3 (AP-IM}, 5 (AP-105), 7 (AP-107), 
and 8 (AN-104). Campaigns 3,5, and 7 tmxeded the 106Ru limit by four to five orders 
of magnitude, The som tmh fm thw campaigns contain hi&m levels of 106Ru 
multing in higher levels in the Eecondary waste sham. me 69% h i t  was exceeded in campaips 2 (AP-102) and 5 CAP-105). 
The2~~and241PuljmitSweree~c~~campaigns7~AF-~07)and3(Ap-101o~y 
241Pu). 
14C eoncemation in the 4' campaign CAP-1 03) exceeded the limit. 
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From t h i s  preliminary analysis it appears that the secondary waste gtream h r n  m1y LAW will 
likely exceed m e  of ahe existing ETF limits. These preliminq &imam are conservative and 
with better more detailed flowsheet modeling a more refined &mate may reduce the number of 
constituents which exwed the BTF limits. 
If you re,quire additional information, I can k reached at 509-554-7683. 
Sincerely, 
Attachment 
cc: 
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APPENDIX B 
ETF EQUIPMENT MODIFICATION LIST 
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REQUIRED ETF MODIFICATIONS 
Required Modifications in All Approaches for Less than 10,000 ppm Chloride/Fluoride in 
Evaporator Brine 
LERF to SWRT transfer piping: . 300 feet of 3” 316L SS pipe. 
. 3 bank influent filter skid constructed of 3 16L SS or similar corrosion resistant 
material. The filter skid will be capable of operation at 150 psig and 200 gallons 
per minute with replaceable filter cartridges. 
SWRT, pumps and recirculation and transfer piping: . Two 20,000 Secondary Waste Receiver Tanks fabricated from 316L SS or FRP. 
These tanks will be placed in the existing ETF drum storage room. 
. 
. 
. 
Associated level, pressure, pH, etc. instrumentation 
Two new pumps fabricated from 316L SS. Pumps will be capable of flowing 180 
gpm at 350 feet of TDH. These pumps will be placed in the existing ETF drum 
storage room. 
200 feet of 3” and 50 feet of 4” 316L SS recirculation piping for SWRT 
200 feet of 1” 3 16L SS pipe from SWRT to evaporator. 
Small (- 50 gallon) day tank constructed of HDPE, metering pump, 
instrumentation and 50 feet of %” 3 16L SS transfer tubing. Day tank, metering 
pump and tubing will be placed in existing ETF drum storage room. 
100 feet of 1” 304 SS piping from existing verification water system to new day 
tank. 
Utility Connections to SWRT . 100 feet of W’” Carpenter Alloy 20 for 4% acid piping 
100 feet of W’ 304 SS for 4% caustic piping 
100 feet of 6” CPVC piping to Vessel Off-Gas (VOG) 
100 feet of 1” 304 SS verification water piping 
100 feet of 2” 304 SS piping from Sump 1 
100 feet of 1” 304 SS to sump 1 
. 100 feet of 3” 304 SS piping from Sump 2 
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100 feet of 1” 304 SS piping from 1’‘ RO 
Cooling Water to Evaporator Feed/Distillate Heat Exchanger: . 100 feet of 1-1/2” 304 SS pipe for connection (supply and return) of cooling water 
system to feed/distillate heat exchanger. 
Additional Modifications in all Approaches for Greater than 10,000 ppm Chloride/Fluoride 
in Evaporator Brine 
Evaporator Recirculation Pump: . Axial flow pump with wetted parts built of Inconel. Pump is 75hp, 6,000 gpm at 
20 feet TDH. 
Concentrate Tanks, pumps, recirculation and transfer piping: . Two 5,000 gallon Concentrate Tanks fabricated from Inconel or FRP. These 
tanks will be placed in the existing ETF drum storage room. 
. 
. 
Two 2 HP Agitators (one for each tank). 
Associated level, pressure, pH, specific gravity, etc. instrumentation, 
Two new pumps with wetted parts constructed of Inconel. Pumps will be capable 
of 35 gpm at 125 feet TDH. These pumps will be placed in the existing ETF 
drum storage room. 
100 feet of 1- 1/2” Inconel recirculation piping for CT. 
Utility Connections to Concentrate Tanks: . 100 feet of W’ Carpenter Alloy 20 for 4% acid piping 
100 feet of W’ 304SS for 4% caustic piping 
100 feet of W’ 304SS for 50% caustic piping 
100 feet of 2” CPVC piping to Vessel Off-Gas (VOG) 
100 feet of 1” 304SS verification water piping 
100 feet of 2” Inconel pipe to sump 1. 
Additional Modifications for Option 1 - Process at ETF for Final Disposal 
Solidification Treatment Unit . Installation of new treatment unit for solidification of brine feed from CTs. Per 
CD-0 the estimated total cost is $14,100,000. 
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Design and construction of storage building for curing cement blocks. Per the 
project CDR the estimated cost is $600,000. 
. 
Additiona Modifications for Option 2 ~ Recycle ETF Evaporator Brine to Tank Farms via 
Tanker Truck. 
New Tanker(s): . Fabricate new tanker(s) from corrosion resistant material such as Inconel, 
Hastelloy or FRP. 
Tanker Load-out Facility (similar to Tank Farms 204-AR facility) . Construct new building physically large enough to hold tanker (55 feet long and 
15 feet wide) and provide confinement. Building will have to be constructed with 
secondary containment large enough to hold tanker contents. Assume a building 
footprint of 100 feet by 75 feet. 
. Confinement HVAC system for tanker load-out building. 
1,000 feet of 1-1/2” Inconel pipe, 
Two 5,000 gallon FRP or Inconel tanks 
Associated level, pressure, pH, specific gravity, etc. instrumentation, 
One 2 hp agitator for one of the tanks. 
2 pumps with wetted parts constructed of Inconel, capable of flowing 100 gpm at 
Filter Press solids removal system (not a filter skid) to remove solids from brine. 
Drum handling system to accept solids from filter press. 
Separate confinement room or glovebox in the building to hold the filter press and 
. 
. 
. 
. 
. 
100 feet TDH. 
. 
. 
. 
drum handling system. 
Additional Modifications for Option 3 ~ Recycle ETF Evaporator Brine to Tank Farms via 
New Pipeline . 5,000 feet of 2” double encased pipe line to Tank Farms line SN-700. Tie in to 
Transfer pump with wetted parts constructed of Inconel, capable of 50 gpm at 500 
SN-700 Near 242-A evaporator. 
. 
feet TDH. 
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APPENDIX C 
PROPOSED LOCATION OF OPTIONS 
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Figure C-1. Proposed Location of New Tanks Applicable to All Three Options . I I 1 W 4 I I - I I  I I t 
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APPENDIX E. INTERIM PRETREATMENT SYSTEM SECONDARY WASTE STUDY 
- RECYCLE STREAM TO 242-A 
Purpose 
Evaluation of Concentrating IPS/LAW Vitrification Dilute Secondary Waste Stream in 242-A 
Evaporator 
242-A Svstem Description 
The 242-A Evaporator has been in service since 1977. It is a forced-circulation vacuum 
evaporator with a capacity of 26 kgal. The vessel and piping are 304L stainless steel. 
Distribution piping to and from Tank Farms is carbon steel. 
The 242-A Evaporator typically operates one to two campaigns per year. Campaigns are 
typically one week to one month. Feed is staged for sampling and analysis (typically 4 months). 
Candidate feed is transferred to the feed tank (AW-102). Currently the only way to introduce 
feed is through AW-102. 
Current facility limits are 40 ~ 80 torr for processing and up to 150 "F. Processing rates are up to 
115 gpm feed and a maximum effective boiloff rate of 38 gpm. A typical residence time in the 
system is 10 hours. Typically the waste volume reduction (WVR) is limited to 50% or less in a 
single pass because of minimum slurry flow requirements. Waste that requires further volume 
reduction is recycled for multiple passes. The overhead vapor is condensed and routed to the 
LERF for eventual processing through the 200 Area Effluent Treatment Facility. A portion of 
the condensate is recycled within 242-A for deentrainment pad sprays and pump seal water to 
reduce raw water usage. Pump seal water drains back to AW- 102 (-2 gpm). 
242-A Planned Use and Operating Life 
The 242-A Evaporator plays a key role in the Tank Farms mission. HNF-SD-WM-SP-012, Tank 
Farm Contractor Operation And Utilization Plan, Table 3-4 projects 46 campaigns over the 
Tank Farms mission. Recent discussions have proposed operating the facility through 2035 or 
even 2045 (Wagner 2008). Based on those estimates, the facility is only about halfway through 
its operating life. In the near term, approximately one campaign is planned per year through 
2015 with significant facility upgrades planned through 2018. At this level of use, there is 
available capacity to support the secondary waste mission. However, the timing of the mission 
will have to be coordinated with the scheduled maintenance and upgrades 
The 2007 Integrity Assessment (RPP-RPT-33306) indicated that the minimum remaining life of 
the facility was greater than 20 years. The next integrity assessment is due in 2017. 
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Consti- 
tuent 
A1 
Stream Description 
The stream considered for evaporation at 242-A is the dilute aqueous recycle stream from the 
LAW vitrification plant, operating on feed from the IPS. Processes resulting in secondary waste 
include the submerged bed scrubber and wet electrostatic precipitator. The nominal recycle 
stream flow rate is 8 gpm, and the total volume is 12 Mgal. A volume of up to 3 Mgal per year 
is anticipated. Feed tanks for IPS and early LAW are AP-104, AP-102, AP-101, AP-103, 
AP-105, AP-108, AP-107 and AN-104. The secondary waste stream compositions were 
prepared by AEM Consulting (AEM 075). Secondary waste stream compositions from the eight 
feed tanks are given in the reference. The average chemical composition of secondary waste 
from all eight tanks is presented in Table 1, along with calculated concentrations at 90% and 
95% WVR and several other comparisons. 
Average Average 
Molecular Average YO of pg/mL, pg/mL, 
Weight ppm Average total 90% 95% Maximum/ 
(g/mol) (pg/mL) mol/L moles WVR WVR Average 
27 13 4.8E-04 0.01 130 26 1 1.33 
I Table 1. Chemical Constituents in Early LAW Recycle Stream with Projected Concentrations after Concentration. I 
F 19 59 3.1E-03 0.03 59 1 1182 1.69 
I B I  10.8 I 100 I 9.2E-03 I 0.10 I 995 I 1991 I 1.01 I 
Hg 
I Ca I 40 I 2 I 5.4E-05 I 0.00 I 22 I 43 I 1.01 I 
20 1 0 3.2E-08 0.00 0 0 3.93 
I c1 I 35.5 I 799 I 2.3E-02 I 0.24 I 7991 I 15982 I 1.45 I 
K 
I Cr I 52 I 9 I 1.7E-04 I 0.00 I 87 I 175 I 1.63 I 
39 I 39 I 9.9E-04 I 0.01 I 388 I 775 I 1.70 
Mg I 24.3 
I Fe I 56 I 8 I 1.4E-04 I 0.00 I 79 I 158 I 1.01 I 
1 2.2E-05 0.00 5 11 1.01 
NH4 18 63 3.5E-03 0.04 632 1265 1.01 
I Na I 23 I 830 I 3.6E-02 I 0.38 I 8300 I 16599 I 1.01 I 
NO2 46 309 6.7E-03 0.07 3094 6188 1.01 
I Ni I 58.7 I 0 I 1.OE-06 I 0.00 I 11  11  2.72 I 
Pb 207 0 5.OE-07 0.00 1 2 2.28 
C03 60 454 7.6E-03 0.08 4536 9072 1.01 
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Si 28 22 8.OE-04 0.01 224 448 1.01 
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TOC 
Zn 
12 
65.4 
0 2.1E-06 
~ 
0.00 
31 4.8E-04 0.01 311 623 
1.92 
SO4 96 31 3.3E-04 0.00 314 628 2.13 
- _ _  _. - -_ 
I - - - - - - - 
Notes: 
1.01 
Average pprn and maximudaverage derived from Table 2 of Letter AEM 075 (AEM 2008) from the stream 
compositions resulting from treatment of the 8 feed tanks. 
A 90% WVR is equivalent to a lox increase in concentration, and a 90% WVR to an increase of 20x. 
Discussion of chemical constituents and their behavior during and after evaporation 
The major chemical constituents of this liquid stream are (ranked by mole fraction) sodium, 
chloride, boron, carbonate, nitrite, ammonia, fluoride, and nitrate. A qualitative discussion of the 
potential issues associated with evaporation of the waste stream based on the chemical 
composition is presented below. 
Aluminum, calcium, chromium, iron, magnesium, manganese, nickel, silicon and zinc are all 
present at relatively low concentrations. These metals could all be involved in scale-forming and 
precipitation, especially aluminum and silicon, which can form aluminosilicates, such as, 
cancrinite, sodalite, and zeolite. 
Boron is elevated in this recycle stream relative the typical levels in tank waste. Boron is present 
in the borosilicate glass frit. A concentration of 1000 pprn (pg/mL) is projected at 90% volume 
reduction, and 2000 pprn at 95% WVR. A search of tank data in the Tank Waste Information 
Network System (TWINS) indicates that only the U-200 tanks had liquid samples at 
concentrations above 1000 &mL. The concentration of liquid from the U-200s ranged from 
300 to 2700 &mL. It is not known why the boron level in the U-200 tanks would be so high. 
Solids results for the U-200 tanks were not elevated in boron. Literature solubility data for boron 
in high pH solution was not readily available. A concentration of 2000 &mL may or may not 
be reasonable. Additional information on the expected solubility of boron in high pH tank waste 
is needed. However, even if all of the boron precipitated, the solids volume would not be 
excessive. 
Chloride and fluoride (and other halides, such as iodide) are semi-volatile in the melters and 
captured in off-gas treatment. Thus, they are elevated in this stream relative to other 
constituents. These anions are corrosive, and the elevated levels relative to other constituents 
requires further evaluation, even after accounting for the addition of corrosion inhibiters (nitrite 
and hydroxide). 
Chloride is soluble in water up to about 5 M (177,000 pg/mL Cl). The highest DST C1 
measurement in the Tank Waste Information System Network is 25,800 &mL (0.73 M). C1 is 
likely soluble well above 1 M even in concentrated tank waste. The average C1 in AP farm 
(from the Best Basis Inventory) ranges up to 0.2 M. At 95% WVR, the average C1 in the 
secondary waste stream will be approximately 0.5 M. The Tank Waste Information Network 
System and the Best Basis Inventory data are accessible on the Hanford Intranet. 
Fluoride will largely remain in solution at the relatively low concentrations projected in Table 1. 
However, this cation readily forms the double salts sodium fluoride phosphate and sodium 
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fluoride sulfate in the tanks. A small amount of precipitation is likely as the stream is 
concentrated. 
Lead and mercury are extremely low. The stream has virtually no organic carbon, so dimethyl 
mercury is not a concern. 
Sodium and potassium are highly soluble cations. Nitrate and especially nitrite are highly 
soluble. Phosphate and sulfate are also soluble at the very low levels present in the stream, even 
after concentration. However, small amounts of sodium fluoride phosphate and sodium fluoride 
sulfate may form as this stream is concentrated. 
Carbonate concentrations projected in the evaporated stream are below levels where significant 
precipitation would be expected. At 95% WVR the average concentration is less than 0.2 M, 
well within the solubility range for carbonate in tank waste (as seen in RPP-RPT-29165, Figure 
3). 
Ammonia is volatile, and will largely partition to the vapor in 242-A, and be re-condensed in the 
process condensate. 
Feed stream variability is not excessive for the constituents of greatest interest (Cl). Therefore, 
evaluating average compositions is reasonable. 
WVR Potential 
One report from Savannah River indicates that a concentration approaching 90% had been 
achieved on a similar recycle stream (WSRC-TR-2001-00330). From inspection of the data at a 
90% and 95% WVR, the chemical concentrations remain quite low. All results appear to be 
within typical DST supernatant compositions except for boron and chloride. Based on Tank 
Farms and 242-A experience, a WVR of between 90 and 95% should be achieved from this 
stream with minimal solids formation (<5 ~01%). The solids formed would be expected to be 
aluminosilicate minerals, sodium fluoride phosphate and sodium fluoride sulfate, some boron 
compounds and possibly sodium carbonate. The solids formed should not be problematic for 
processing and transport, other than concerns about scale formation with the aluminosilicates. 
A 90% WVR would reduce the volume ofthe stream from 12 Mgal to 1.2 Mgal, and a 95% 
WVR would reduce the volume to 0.6 Mgal. Further WVR might be achieved by mixing the 
concentrated slurry with other tank waste streams. At 90 to 95% WVR, almost the entire stream 
volume (close to 3 Mgal per year) must be evaporated. This would be a significant increase in 
242-A processing time and steam usage. Recent operating history (since 2004) has been 1-2 
campaigns per year and up to approximately 1 Mgal evaporated. 
Based on a reported stream SpG of 1.02, 90% volume reduction would result in a slurry SpG of 
1.22 SpG, and a 95% WVR would correspond to over 1.4 SpG. However, a 95% WVR 
(concentration ratio of 20) for the average feed results in only 0.7 M for Na and a C1 
concentration ofjust 0.5 M. NaCl solubility in water is approximately 5-6 M with a SpG of 
nearly 1.3. Therefore, the starting SpG is likely well under 1.01 based on the stream data 
presented. 
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Radionuclide 
Evaluation of Radionuclide Concentrations 
Radionuclides will partition almost exclusively to the slurry, except for tritium, which is in the 
water. As with chloride and fluoride, some radionuclides (such as, 99Tc and lZ9I) are 
concentrated in this recycle stream relative to the radionuclides that typically dominate doses 
incurred from handling and processing tank waste (such as, 
are almost completely retained in the glass). This will not affect processing at 242-A, but may 
be a concern in further treatment and eventual disposal of the concentrate (slurry). 
137 Cs, 90Sr, Pu and U isotopes, which 
Maximum Concentrated 07-02 Campaign Ratio, 
Composition P V R :  Feed (AP-104) Concentrated 
Ci/L 990/,) CiIL CiIL RecyclelAP-104 
Table 2 presents the maximum radionuclide compositions in the secondary waste stream (from 
Table 1 of AEM 2008 letter). Concentrated stream compositions are compared to a recent 242-A 
feed composition (from tank AP- 104, one of the feeds for Campaign 07-01/07-02), 
Radionuclide concentrations in the recent 242-A feed exceed radionuclide concentrations in the 
secondary waste stream, even assuming that the secondary waste stream is concentrated by a 
factor of 100. Therefore, the secondary waste stream will be far below all facility limits for 
radionuclides. 
14C 
I Table 2. Comparison of Secondary Waste Stream Radionuclides to a Recent 242-A I 
2.37E-06 2.37E-04 6.57E-01 3.61E-04 
- 
Feed Stream. 
79Se 2.42E-07 2.42E-05 8.08E-01 3.00E-05 
I 3H I 3.13E-05 I 3.13E-05 I 4.87E-04 I 6.42E-02 I 
90Sr 7.14E-06 I 7.14E-04 I 1.69E+03 I 4.23E-07 
I 6OCo I 3.27E-08 I 3.27E-06 I 7.69E+00 I 4.25E-07 I 
134Cs 1.08E-09 1.08E-07 1.23E+01 8.74E-09 
I 99Tc I 5.03E-05 I 5.03E-03 I 1.90E+02 I 2.64E-05 I 
154Eu 
I 106Ru I 0.0597 I 5.97E+00 I 2.43E+02 I 2.46E-02 I 
1.49E-07 1.49E-05 4.64E+00 3.20E-06 
I 1291 I 4.31E-08 I 4.31E-06 I 1.41E-01 I 3.06E-05 I 
155Eu 2.18E-07 I 2.18E-05 I 2.57E+O1 I 8.49E-07 
I 137Cs I 4.74E-06 I 4.74E-04 I 1.87E+05 I 2.53E-09 I 
233U 9.42E-11 9.42E-09 1.69E-01 5.57E-08 
234U 
I 235U I 1.76E-12 I 1.76E-10 I 1.97E-04 I 8.93E-07 I 
4.32E-11 I 4.32E-09 I 
237Np 
238Pu 
239Pu 
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1.66E-09 1.66E-07 6.51E-03 2.55E-05 
1.42E-09 1.42E-07 1.34E+00 1.06E-07 
1.54E-08 1.54E-06 1.74E+00 8.83E-07 
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240Pu 3.00E-08 3.00E-06 1.74E+00 1.72E-06 
241Am 
I 244Cm I 1.90E-09 I 1.90E-07 I 2.47E+00 I 7.69E-08 
4.41E-08 I 4.41E-06 I 2.31E+01 I 1.91E-07 
Notes: The maximum (for an individual feed tank) secondary waste stream compositions from Table 1 of 
AEM 2008 were used. 
A conservatively h g h  99% WVR was assumed for analysis. This is equivalent to concentrating the stream 
by 100 times. 
Tritium does not concentrate (it is associated with water). 
The Ap-104 feed (Campaign 07-02) is provided for comparison (from SW-1315). 
The ratio compares the concentrated secondary waste (99% WVR) to the recent Ap-104 feed 
demonstrating that the new stream will be below currently acceptable levels for all radonuclides. 
241Pu 
Processing Issues 
Typically the maximum WVR for a single pass through 242-A is 50%. A higher WVR would 
make continuous processing difficult. Approximately 4 passes are required to achieve a WVR of 
90 to 95%. 
1.00E-07 1.00E-05 7.13E+01 1.41E-07 
This means that dedicated storage space is needed to stage the slurry for recycle to the AW- 102 
feed tank. In the FY07 242-A campaign, AW-102 was used simultaneously as the feed and 
slurry tank to concentrate a dilute feed. However, this practice is not recommended as solids 
accumulation in AW- 102 will limit flexibility (decrease the available volume for feed and 
possibly cover the bottom of the air lift circulators used for supernatant mixing). 
243Cm 
The most reasonable choice for a DST to store partially concentrated slurry would be the first 
feed tank emptied and sent to IPS and LAW vitrification (AP-104). However, other secondary 
waste streams (such as, the cesium eluant from IPS ion exchange) may also require DST storage 
space. Mixing the LAW secondary waste stream with a high-cesium stream would limit the 
overall WVR because of Cs-137 concentration limits at 242-A. 
8.12E-11 I 8.12E-09 I 2.47E+00 I 3.29E-09 
New Facilities for Secondarv Waste Accumulation and Feed Oualification 
Since it is unlikely that sufficient DST space will be available for staging the recycle stream for 
feed to 242-A, feed accumulation and storage space is needed. 242-A will run intermittently, 
and feed batch qualification will take several months (currently 4 months minimum). The 
expected accumulation rate is 250 kgal per month. 
For feed accumulation and staging for 242-A, a new facility consisting of two basins (750 ~ 
1,000 kgal each) is proposed. The basins will be similar to the LERF basins, which are operated 
as surface impoundments. The LERF basins have 7.8 Mgal operating capacity apiece. 
The LERF basins are described in the Hanford Facility RCRA Permit, Operating Unit 3, Chapter 
4, Section 4.5 (http://www7.rl.gov/rapidweb/ENVPRO-RCRNindex. cfm?PageNum=l29): 
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The LERF consists of three lined surface impoundments (basins) with a design operating capacity 
of 29.5 million liters each. The maximum capacity of each basin is 34 million liters. The 
dimensions of each basin at the anchor wall are approximately 103 meters by 85 meters. The 
typical top dimensions of the wetted area are approximately 89 meters by 71 meters, while the 
bottom dimensions are approximately 57 by 38 meters. Total depth from the top of the dke  to the 
bottom of the basin is approximately 7 meters. The typical finished basin bottoms lie at about 
4 meters below the initial grade and 175 meters above sea level. The dikes separating the basins 
have a typical height of 3 meters and typical top width of 11.6 meters around the perimeter of the 
impoundments. 
For estimating purposes, the proposed feed basins are scale versions of LERF basins. A 50% 
reduction in all dimensions (LxWxH) results in 1/8 scale overall, which would result in basins of 
just under 1 Mgal each. Converting LERF dimensions described above to feet and dividing by 
two, the associated dimensions of the proposed basins are: 
. 
. 
. 
. 
The dimensions of each basin at the anchor wall are approximately 169 ft by 139 
ft. 
The typical top dimensions of the wetted area are approximately 146 ft by 116 ft. 
The bottom dimensions are approximately 94 by 62 ft 
Total depth from the top of the dike to the bottom of the basin is approximately 11 
ft. 
The typical finished basin bottoms lie at about 7 ft below the initial grade. 
The dike separating the basins has a height of 5 ft and typical top width of 19 ft 
around the perimeter of the impoundments. 
The RCRA permit provides the following details regarding the double-liner and leachate 
collection system: 
The LERF employs a double-composite liner system with a leachate detection, collection, and 
removal system between the primary and secondary liners. Each basin is constructed with an 
upper or primary liner consisting of a high-density polyethylene geomembrane laid over a 
bentonite carpet liner. The lower or secondary liner in each basin is a composite of a 
geomembrane laid over a layer of soilhentonite admixture with a hydraulic conductivity less than 
10.7 centimeters per second. The synthetic liners extend up the dke  wall to a concrete anchor 
wall that surrounds the basin at the top of the dike. A batten system bolts the layers in place to the 
anchor wall. 
Each basin contains a lined sump, with two risers, one for a submersible pump and the other for 
level detection. The basins are covered with a floating low density polyethylene liner. Each 
basin will also be equipped with a submersible pump for transferring aqueous waste out of the 
basin and a pipinddistribution system capable of routing waste to the other basin or over to the 
SN-700 (or alternatively, SN-701) transfer line. Two lines and two connections to the transfer 
line are needed [a total of -400 m (1300 ft) of pipe]. Spool pieces are acceptable if the project 
has a lifetime of less than 5 years. Otherwise, a valve pit is required. Plastic or fiberglass 
double-contained pipe similar to the 242-A PC-5000 line will be adequate. 
Chemical addition building 
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Hydroxide and nitrite addition is needed prior to sending this stream to the DSTs. A 20 ft by 20 
ft butler building for the NaOHiVaN02 addition system will be required. It will include 
chemical makeup tanks (2 tanks each at 3,000 gal. refilled twice a year), metering pumps (0-1 
gpm) and inline instrumentation. For purposes of cost estimating, assume an in-line baffled 
motionless mixer system in the pipeline going back to SN-700, with downstream in-line 
instrumentation to verify chemical additions. 
Approximately 15,000 gal of 8 M NaOH would need to be added to buffer the entire secondary 
waste stream (-12 Mgal) to meet the minimum Tank Farms requirements of 0.01 M OH. For 
planning purposes, 1.5 to 2 times this amount should be used (up to 30,000 gal). Tank waste 
chemistry requirements are documented in HNF-SD-WM-TSR-006, Tank Farms Technical 
Safety Requirements, Administrative Control 5.16. 
For nitrite, a minimum of 0.01 1 M is required for dilute waste. Therefore, a similar volume of 
nitrite would be needed (30,000 gal of 8 M for the entire mission). This level of chemical 
addition would make the added NOz and OH nearly as concentrated as C1, the most concentrated 
anion in the stream, and it would approximately double the Na in the stream. 
Discussion of corrosion issues 
Halides are concentrated in this recycle stream relative to existing tank wastes. Although actual 
chloride and fluoride concentrations will not exceed levels seen in concentrated DST liquids, the 
NaOH and NaN02 buffers will not be nearly as concentrated as in that found in tank wastes with 
significant chloride. 
For example, the minimum corrosion inhibitor levels of 0.10 M OH and 0.01 1 M NO2 apply to 
dilute waste (where the NO3 is below 1 M). However, the high chloride concentrations observed 
in DST liquid samples have generally occurred in concentrated wastes (NO3 > 3 M). In 
concentrated wastes, the minimum OH molarity required is 0.3 M (30 times the level in dilute 
waste), and the combined OH and NO2 inhibitor concentrations must exceed 1.2 M 
(approximately 60 times the level required in dilute waste). The basis document for the 
corrosion limits (SD-WM-TI-150) does not specify the limits at which chloride was evaluated in 
corrosion testing. Therefore, this stream is outside of the typical envelope of tank waste 
compositions, and should be evaluated to ensure that excessive DST corrosion will not occur. 
A Savannah River chloride evaluation, WSRC-TR-94-0250, indicated that “corrosive anions act 
independently, not additively.. . Pitting corrosion is prevented when the highest nitrite 
concentration required by any corrosive anion is present in the waste.” Based on this, the 
concentrated waste corrosion limits might be applied to this stream following evaporation. This 
would require adding at least 3 times as much hydroxide and nitrite as described in the section 
above. 
242-A does not have specific corrosion limits, but relies upon the DST limits (feed and slurry are 
in compliance with the DST limits). This stream is also raises concerns about 242-A corrosion. 
Comments regarding Grade 304 stainless steel were extracted from www.axom.com, “Subject to 
pitting and crevice corrosion in warm chloride environments, and to stress corrosion cracking 
above about 60°C. Considered resistant to potable water with up to about 200 mg/L chlorides at 
ambient temperatures, reducing to about 150 mg/L at 60°C.” The current maximum 242-A 
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processing temperature is 150°F or 65°C. However, the typical operating temperature is about 
130 "F or 54 "C. Therefore, pitting corrosion is the likely concern. 
The C1 in this stream will be up to 20,000 mg/L (equivalent units to &mL) when the stream is 
concentrated, which is about 100 times the level of concern in water. The stream will be 
buffered with hydroxide and nitrite, but the inhibitor levels will be much lower than the levels in 
tank waste with similar chloride concentrations. Therefore, at a minimum, research and 
development work may be necessary to ensure compatibility of this stream with the 242-A 
Evaporator. Newer waste evaporators (such as, ETF and the proposed WTP evaporator) are 
designed with more exotic alloys (Inconel and Incaloy'), largely because of chloride corrosion 
concerns. 
Dissolution of potential scale 
Although the aluminum and silicon concentrations in the recycle stream data are not elevated, 
planning for potential deposition of scale in 242-A is prudent. Evaporation of a melter recycle 
stream at Savannah River resulted in precipitation of aluminosilicate minerals. The forced- 
circulation design of 242-A should limit scaling relative to what was experienced at Savannah 
River. If scaling occurs, it would be expected in the vessel below the deentrainment pads, 
including the recirculation loop, and reboiler. Scaling on and above the pads is not expected as 
the pads are continuously pulsed with water or recycled condensate sprays. 
Scale might be evident by increased dose rates after draining and flushing, although the 
radionuclide content of this stream is very low. Scaling will most likely be indicated by 
decreased performance of the reboiler (higher temperature difference indicating more resistance 
to heat transfer). Savannah River used two batches of up to 1.5 M nitric acid to dissolve 350 kg 
of scale (WSRC-TR-2001-00412). More concentrated acid could be procured and then diluted 
with water. 
De-scaling activities are estimated to take one to two weeks and consist of charging the system 
with acid and filling to the minimum operating level (23,500 gal); recirculating and heating with 
steam (under vacuum) for 2 days; reducing the level (by evaporation) to the minimum (23,500 
gal) and adding concentrated (19 M) caustic sufficient to raise the pH above 12. A concentrated 
caustic volume of approximately 2000 gal would be necessary. Since the upper operating level 
is 25,500 gal, the caustic might need to be added in two batches. Sampling might be required to 
confirm that the buffered solution is suitable for release to Tank Farms. 
Technical issues to be addressed prior to adding chemicals include modifications to the DSA and 
criticality safety documentation. Physical plant changes would be minimal. Chemicals could be 
delivered by hose from a pressurized tanker truck, or added to the decontamination tank 
(TK-E-104) and pumped into the vessel. This would require reinstalling spool pieces that were 
removed after chemical additions in 1985. 
SD-WM-TI-206, ReboilerFouling Study was performed in 1985. However, this was focused on 
dissolution of double-shell slurry solids rather than aluminosilicates, and may not be relevant. 
Chemical flushes of the evaporator system have been performed, including citric acid and nitric 
Inconel and Incoloy are registered trademarks of Special Metals Corporation, New Hartford, New York 7 
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acid (SD-WM-PE-027). Piping was modified to recirculate acid from the slurry pump back to 
the top of the vessel and onto the deentrainer pads for dissolution of scale on the pads (hard 
water deposits). The acid was neutralized with caustic before dumping to AW-102. As stated 
above, scaling on the pads is less likely than scaling below the waterline. 
Evaluation of Risks 
The 242-A Evaporator is essential to the Tank Farms mission. Previously identified mission 
risks include that 242-A is an aging facility, and that 242-A is a single-point failure facility 
(TFC-PLN-039). Actions taken to mitigate risks include periodic upgrades (such as the ongoing 
ventilation and Monitoring and Control System upgrades) and maintaining a qualified and 
trained staff. Additional upgrades (such as, water supply, steam and electrical systems) will be 
necessary at some point during the extended mission. The worst-case impact for a 242-A single- 
point failure is a 5-year impact to the retrieval and WTP processing schedule ($4.6 billion cost 
impact), plus $100 million for a replacement facility. 
Processing of the LAW secondary waste stream at 242-A increases risks to the plant. The stream 
has a higher concentration of chloride (relative to other waste constituents) than historical tank 
waste streams. Chloride is a major cause of corrosion in 304L stainless steel (which is the 
material of construction for 242-A). In addition, the recycle stream contains a small fraction of 
refractory elements, of which aluminum and silicon are a special concern. Aluminosilicates are 
likely to form scale in the 242-A system and possibly in distribution piping. Scale can affect 
processing and maintenance by reducing heat transfer rates and increasing dose rates. As 
aluminosilicate minerals are difficult to dissolve, acid dissolution may be necessary. 
The feed staging facility (proposed basins) may be classified as a Hazard Category 3 facility, 
which would require developing and maintaining an authorized safety basis. 
A surface impoundment may not be appropriate or may trigger groundwater monitoring 
requirements which would increase the cost. Above-ground tanks might ultimately be more 
appropriate in this application. 
Processing of this stream would require modification of RCRA permit. A revised sampling 
strategy (periodic feed stream samples rather than batch evaluation) would provide more 
flexibility and could reduce the storage tank volume needed. A revision to the Air Operating 
Permit might also be necessary prior to processing this stream. Revisiting these documents 
might result in elimination of grandfathered facility equipment (single-wall slurry line 
penetrations and limited stack monitoring equipment) resulting in additional facility upgrades. 
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APPENDIX F. INTERIM PRETREATMENT SYSTEM SECONDARY WASTE 
EVAPORATOR 
1.0 INTRODUCTION 
The Interim Pretreatment System is evaluating alternatives for treating the secondary waste from 
the WTP LAW Vitrification facility, which consists of the submerged bed scrubber solution and 
the caustic scrubber solution. The estimated volumetric generation rate for these combined 
secondary waste streams is 21.6 to 21.9 liters per minute'. Treatment alternatives for the 
secondary waste solutions that are being evaluated include, 1) treatment at the 200 Area Effluent 
Treatment Facility (ETF), 2) recycle of evaporator bottoms from the ETF to the double-shell 
tank system, 3) evaporation using the existing 242-A Evaporator, 4) evaporation using a new 
evaporator system, and 5) removal of "Tc by ion exchange in a new vault style facility.. 
The alternative discussed in this section is evaporation of the WTP LAW Vitrification Facility 
secondary waste solutions using a new evaporator system, referred to as the Secondary Waste 
Evaporator (SWE) system. The concentrate from SWE system will be transferred to the double- 
shell tank system for interim storage and eventual processing in the WTP Pretreatment Facility. 
The condensate from the SWE system will be transferred to the ETF for treatment and disposal. 
The SWE system could also be used to concentrate the pretreated LAW solution prior to transfer 
to the LAW Vitrification Facility. However, this alternative was not evaluated in detail since the 
composition of the pretreated LAW and the secondary waste solutions would be altered and 
material balances were not prepared for this alternative by WTP personnel. 
The SWE is similar to the Treated Low Activity Waste (LAW) Evaporation Process (TLP 
system) in the WTP Pretreatment Facility. The major differences are the feeds to be processed 
by each system. The TLP system is designed to increase the concentration of the pretreated 
LAW prior to transfer to the LAW vitrification facility and concentrate the SBS condensate 
recycled from the LAW vitrification facility. The TLP system is designed for processing 10 to 
38 gpm of dilute feeds'. The SWE system could also perform these functions or may only 
process the SBS and caustic scrubber solutions. 
Given the short duration of this engineering study, it will be assumed that the capacity and 
materials of construction for the SWE system will be the same as for the TLP system. The SWE 
system equipment description and capacity is taken from the design media prepared for the TLP 
system, with the capacity of support vessels recalculated to support the IPS system. 
"Analyze and Predict Early LAW Secondary Waste Streams - Task Order no. 1 4 ,  Letter # AEM 075 dated April 
14, 2008 from L. Bergman to R. A. Burk, BechtelNational Inc., AEM Consulting, 2417 Mark Avenue, Richland 
Washington 
24590-PTF-3PS-MEVV-TPOO1, rev. 2,2005, RivevPvotection Pvoject- Waste TveatmentPlantEngineenng 
Speci3cation fovFovced Civculation Vacuum Evapovatov System, Bechtel National Inc., Richland Washington 
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2.0 PROCESS DESCRIPTION 
The SWE system concentrates the secondary waste solutions from the LAW Vitrification 
Facility. Some suspended solids are anticipated in the SBS recycle streams to the evaporator. 
Based on the TLP system description", under normal operating conditions the suspended solids 
will not exceed 3.4 wt%. The evaporator product concentration is limited to the saturation 
regions associated with sodium compounds. 
The S WE system utilizes a continuous, forced-circulation, vacuum evaporation system to 
concentrate LAW secondary waste solutions. The concentrate is sent to one of two concentrate 
storage vessels (SWE-VSL-O0003A/B), which collect the concentrate pending sampling, 
analyses, and transfer to double-shell tank system. The SWE system also provides lag storage 
capability for the LAW secondary waste solutions. The description of the SWE evaporation 
system is separated into the following subsections-receipt vessels, evaporator, evaporator 
overhead equipment, condensate vessel, and system checks. 
3.0 EQUIPMENT DESCRIPTION 
3.1 RECEIPT VESSELS 
The two LAW secondary waste solutions receipt vessels (SWE-VSL-OOOOlLUB), each with a 
batch volume of 28,000 gallons (total capacity 36,600 gallons each), receive LAW secondary 
waste solutions at an average rate of 22-lpm. LAW secondary waste solutions are transferred 
from the LAW vitrification facility to the SWE facility through existing pipeline SN-701, which 
is installed within an underground trench (see Section 0). Following a transfer, the line is 
flushed with water. The transfer pipeline is coaxial to detect and contain any leaks. The leak 
detection system is designed to meet three requirements-containment and detection of liquid, 
ability to pressure test for pipe integrity, and the capability to flush any waste from the 
containment system within 24 hours. 
The capacity of the SBS condensate and caustic scrubber collect vessels in the LAW 
Vitrification Facility are 16,000 and 10,000-gallons, respectively. The contents of these vessels 
are transferred from once every 24-hours to once every 48-hours to one of the SWE LAW 
secondary waste solutions receipt vessels. The transfer frequency depends on the concentration 
of the pretreated LAW solution fed and operating parameters of the LAW melter offgas system. 
The average volumetric flowrate ofthe combined secondary waste is an estimated 22-lpm". The 
two LAW secondary waste solutions receipt vessels have been sized to each receive the contents 
of the SBS condensate and caustic scrubber collection vessels plus a pipeline flush of 2,000- 
gallons (see Appendix A). 
lo 24590-PTF-3YD-TLP-00001, Rev 0, September 11,2002, System Description fov TveatedLA W Evapovation 
Pvocess (TU), Waste Tveatment Plant, Bechtel, Echland Washington. 
14, 2008 from L. Bergman to R. A. Burk, BechtelNational Inc., AEM Consulting, 2417 Mark Avenue, Richland 
Washington 
"Analyze and Predict Early LAW Secondary Waste Streams ~ Task Order no. 1 4 ,  Letter # AEM 075 dated April 
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The receipt vessels will alternate duty. One vessel receives LAW secondary waste solutions and 
adds 5M caustic (NaOH) to adjust the pH as needed. A remote sampling device is used to 
sample for pH and determine adjustments necessary. The second vessel will feed the evaporator 
system using variable-speed feed pumps (SWE-PMP-00005MB) which are controlled by level 
indication in the evaporator separator vessel. The vessels will switch duties as needed to keep a 
continuous feed flow to the evaporator. 
Each vessel is equipped with blade-style mixers that blend and maintain solids suspension in the 
waste. Both vessels are also equipped with temperature, density, and level instrumentation for 
process monitoring. The two receipt vessels (SWE-VSL-00001MB) will overflow to a lined 
sump in the SWE process building. If required, the vessel heel volumes are emptied with 
emptying ejectors which are external to the vessel. For purposes of decontamination, each vessel 
is equipped with wash rings. 
3.2 EVAPORATOR 
The feed into the treated SWE evaporator is at the suction side of the recirculation pump 
(SWE-PMP-00001). The LAW secondary waste solutions is transferred from one oftwo vessels 
(SWE-VSL-00001MB) using the variable-speed pumps (SWE-PMP-00005MB). These pumps 
have a design capacity of 70 gpm" and a nominal operating rate of -13 gpm. 
The recirculation pump (SWE-PMP-00001) moves the liquor through the evaporator 
recirculation loop maintaining a high flow rate (-1 1,000-gpm) through the reb~i ler '~ .  The liquor 
is pumped through the reboiler (SWE-RBLR-00001) which affects a small temperature rise in 
the fluid. The reboiler has a process design duty of -1.835E+07 BTU/hr14. Re-circulating liquor 
is prevented from boiling in the reboiler tubes by maintaining sufficient hydrostatic head to 
increase the boiling point above the temperature of the bulk liquor in the separator vessel. Low 
pressure steam, modulated via a flow controller, is used to heat the feed liquor to the selected 
system boil-off rate. Low pressure steam, available at 40 psig and 286"F, is supplied from a 
packaged boiler system. 
The heated waste is then discharged to the separator vessel (SWE-SEP-00001)'5. When the 
re-circulating liquor reaches the separator vessel, flash evaporation occurs due to a reduced 
pressure in the vessel. The liquid continues to flash, separating the vapor and liquid streams. The 
liquid stream re-circulates in this closed loop while the vapor stream enters the primary 
condenser. 
24590-PTF-MPD-TLP-00009, revision 1, December 27, 2005, Mechanical Data Sheet ASMEANSI Geneva1 
Centnfugal Pump - Feed Pump fov TveatedLA WEvapovatovSystem, Waste TveabnentPlant, Bechtel, Echland 
Washington 
l3 24590-PTF-MPD-TLP-00007, revision 1, December 27,2005, Mechanical Data SheetAPI 61 0 Axial Flow Pump 
- Recivculation Pump fov TveatedLA W Evapovatov System, Waste Tveabnent Plant, Bechtel, Echland Washington 
l4 24590-PTF-MED-RBLR-00001, March 24,2004, Mechanical Data Sheet Shell and Tube Heat Exchangev- 
TveatedLA WEvapovatovReboilev, Waste Tveatment Plant, Bechtel, Richland Washington 
24590-PTF-MVDTLP-00005, revision 4, March 28,2007, Mechanical Data Sheet: Vessel - TveatedLA W 
Evapovatov Sepavatov Vessel TLP-SEP-00001, Waste Tveabnent Plant, Bechtel, Richland Washington 
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The pressure in the separator vessel is maintained at -1 psia (-27.7 WC) by a vacuum system 
which pulls a vacuum through the primary condenser. This reduced pressure lowers the boiling 
point of the bulk liquor to about 122°F. If the pressure in the separator vessel changes, the air in- 
bleed is adjusted to change the vapor withdrawal rate from the separator vessel. This modulation 
of the air-bleed maintains a uniform pressure and boiling point in the separator vessel. Vacuum 
control air is withdrawn from the process vessel ventilation. 
The overhead vapor produced in the separator vessel is superheated by -24’F due to the boiling 
point rise through the reboiler. The overhead vapor is passed through a set of demister pads for 
deentrainment purposes. The demister pads are sprayed with process condensate from the 
condensate vessel to de-superheat the vapor and ensure that the demister pads are always wetted 
completely to mitigate solids formation, plugging and scrubbing of aerosols. 
The SWE evaporator will concentrate the waste to a maximum specific gravity of -1.45 to be 
consistent with the 242-A Evaporator process limits. Concentrate is removed from the treated 
LAW evaporator at the lowest point on the suction side of the recirculation pump using the 
variable-speed evaporator concentrate pumps (SWE-PMP-0001 1NB). The concentrate pumps 
have a process design rate of - 50 gpm16. The speed of the evaporator concentrate pumps is 
controlled by the density indicator within the separator vessel. The SWE evaporation system will 
achieve steady-state when the feed and concentrate rates remain constant. The concentrate 
storage vessels (SWE-VSL-O0003A/B) store the concentrate prior to sampling, analyses, and 
transfer to double-shell tank system. 
3.3 PRIMARY CONDENSER 
The de-entrained vapor and non-condensable gases enter the SWE evaporator primary condenser 
(S WE-COND-0000 1). The primary condenser is designed to provide condensation of process 
vapors generated by evaporation of the waste. This minimizes vapor carry-over by non- 
condensable gases to the vacuum ejectors. Condensate is gravity drained to the evaporator 
condensate vessel (SWE-VSL-00002). A seal loop and dip-leg submergence will maintain drain 
hydraulics adjusting for the pressure gradient in the condenser system. The condensate can also 
be diverted back to the separator vessel for reflux operation. 
The process design rates for the primary condenser is a cooling duty of -1.71E+07 BTU/hr and a 
cooling water volume requirement of -1,300 gpm”. The cooling water (raw water) is supplied at 
a mean pressure of 60 psig and maximum inlet temperature of 75°F. The cooling water discharge 
line is monitored in the SWE system for radioactivity, flow and temperature. 
l6 24590-PTF-MPD-TLP-00008, revision 1, December 27, 2005, Mechanical Data Sheet ASMEANSI Geneva1 
Centnfugal Pump ~ Concentvate Pump fov Tveated LA W Evapovatov System, Waste Tveatment Plant, Bechtel, 
Richland Washington 
~ TveatedLA WPnmavy Condensev, Waste TveabnentPlant, Bechtel, Richland Washington 
24590-PTF-MED-TLP-00001, revision 1, April 5,2005, Mechanical Data Sheet Shell and Tube Heat Exchange? 
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3.4 EJECTORS, INTER-CONDENSER AND AFTER-CONDENSER 
Steam motivated ejectors generate the vacuum enabling boiling at approximately 122°F. The first 
ejector uses high pressure steam (125 psig) to pull a vacuum off the primary condenser thereby 
creating the vacuum for removing the steam and non-condensable gases from the evaporator 
system. The ejector discharges its steam and the non-condensable gases to the SWE evaporator 
inter-condenser (SWE-COND-00003)'8 which condenses these gases. The condensate drains 
from the inter-condenser to the condensate vessel (SWE-VSL-00002). 
A second ejector draws the non-condensable gases from the inter-condenser augmenting the 
function of the first ejector. The second ejector discharges its steam and the non-condensable 
gases to the SWE evaporator after-condenser (SWE-COND-00002)'9, which condenses steam 
from the second ejector. The after-condenser condensate also drains to the condensate vessel. 
The steam duty required for the ejectors is -1500 lb/hr. The vessel vent system draws the non- 
condensable gases from the after-condenser through the treated LAW evaporator demister 
(SWE-DMST-00001)20. This vessel contains demister pads to remove any water entrained in the 
non-condensable gases. The water from the demister drains to the condensate vessel. 
3.5 CONDENSATE VESSELS 
Condensate from the condensers and demister all drain to a common condensate collection 
vessel, SWE-VSL-0000221. As the condensate vessel fills, the condensate pump 
(SWE-PMP-00002A/B)ZZ re-circulates condensate continuously back to the vessel with a portion 
recycled to the separator vessel for spraying the de-entrainment pads. When the condensate 
vessel is filled to its high level set-point, the condensate is directed to the clean condensate 
vessels (SWE-VSL-O0006A/B/C). If the condensate vessel requires makeup water to maintain 
the dip-leg liquid seal in the vessel, it is supplied from SWE-VSL-O0006A/B/C. 
The condensate draining from the primary condenser is monitored for radioactivity. The 
radiation monitor is located close to the condenser condensate outlet to allow a time lag before 
any contaminated condensate can reach the condensate vessel. This minimizes the possibility 
that contaminated condensate can be transferred to clean condensate vessels and the Liquid 
Effluent Retention Facility/200 Area ETF. In the event that the radiation monitor detects high 
activity, the evaporator is placed into a reflux state and the condensate vessel is isolated so that a 
sample may be retrieved. A remote sampling point is located on the discharge side of the 
24590-PTF-MED-TLP-00002, revision 2, April 5,2005, Mechanical Data Sheet Shell and Tube Heat Exchange? 
~ Tveated LA W Evapovatov Intev-Condensev, Waste Tveatment Plant, Bechtel, Echland Washington 
l9 24590-PTF-MED-TLP-00003, revision 1, April 5,2005, Mechanical Data Sheet Shell and Tube Heat Exchange? 
~ Tveated LA W Evapovatov Afev-Condense?, Waste Tveatment Plant, Bechtel, Richland Washington 
2o 24590-PTF-MV-TLP-DMST-00001, June 12,2002, Mechanical Data Sheet: Vessel - TveatedLA W Evapovatov 
Demistev TLP-DMST-00001, Waste Tveatment Plant, Bechtel, Echland Washington 
24590-PTF-MVDTLP-00004, May 27,2007, Mechanical Data Sheet: Vessel - TveatedLA WEvapovatov 
Condensate Vessel TLP-VSL-00002, Waste Tveatment Plant, Bechtel, Echland Washington 
22 24590-PTF-MPD-TLP-00010, revision 1, December 27, 2005, Mechanical Data Sheet ASMEANSI Geneva1 
Centnfugal Pump ~ TveatedLA WEvapovatov Pvocess Condensate Pump, Waste TveabnentPlant, Bechtel, Echland 
Washington 
18 
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condensate pump. If the condensate is contaminated, it is manually redirected to the SWE 
secondary waste solutions receipt vessels (SWE-VSL-00001LUB). 
3.6 
The WTP could use either pipeline SN-700 or SN-701 to return secondary wastes from the LAW 
Vitrification Facility to the SWE system. Pipelines SN-700 and SN-701 are in the same trench 
and are about the same length. These pipelines have not been used. It is assumed one of these 
pipelines would be used to transfer pretreated LAW (SN-700) to the WTP LAW Vitrification 
facility while the other (SN-701) is used to transfer the secondary waste. Each is a coaxial 
pipeline consisting of an inner 3-inch diameter pipe (code M-9) and an outer 6-inch diameter 
pipe (code M-26a) encasement. Drawing H-14-l0490lZ3, sheets 1 through 9 depict the 3-inch 
diameter pipeline SN-701 from the 241-AP-02D pump pit to the WTP site. 
While the site location has not been selected, it is assumed for cost estimating purposes that the 
secondary waste evaporator system is located on the north side of 4” Street, east of the 207-A 
retention basins at coordinates N 136136, E 575800. Pipeline SN-701 traverses west to east 
along the south side of this proposed location for the SWE system. It is assumed that pipeline 
SN-701 is severed and two new 100-ft segments (200-ft total) of coaxial pipeline are installed in 
a trench from both segments of pipeline SN-701 to the SWE system location. A new concrete 
epoxy coated pit will contain the terminus of the new pipeline segments for connection to the 
SWE system. Two new jumpers will be installed in this pit to connect the two new segments of 
coaxial pipeline to the SWE system. The 200-ft of new coaxial pipeline will consist of an inner 
3-inch diameter pipe (code M-9) and an outer 6-inch diameter pipe (code M-26a) encasement; 
same as the existing SN-701 pipeline. After the SWE system has completed it mission, the two 
segments ofthe SN-701 pipeline can be reconnected for service from the 241-AP-02D pump pit 
to the WTP site. Alternatively, valves installed in jumpers could be used to either connect 
pipeline SN-701 to the SWE system or the WTP. 
SECONDARY WASTE RETURN PIPELINE FROM WTP 
3.7 
FACILITY (LERF) 
Condensate from the clean condensate vessels (SWE-VSL-O0006LUB/C) is transferred through a 
direct-buried coaxial pipeline to the existing LERF basins in the 200-East Area. The coaxial 
pipeline from vessels SWE-VSL-00006LUB consists of an inner 3-inch diameter fiberglass 
reinforced epoxy resin (FRER) pipe and an outer 6-inch diameter FRER pipe (both pipe code 
M-17). The pipeline is equipped with a leak detection system similar to that installed as part of 
Project W-51924. 
The condensate pipeline from the secondary waste evaporator system will connect to the existing 
3-inch diameter condensate pipeline for use by the WTP (pipeline 3”-WTP-002-M17) at 
PROCESS CONDENSATE PIPELINE TO LIQUID EFFLUENT RETENTION 
23 H-14-104901 sheet 1, revision 1,2003, Piping SuppovtPlan 3”SN-701-M9, U.S. Department ofEnergy Echland 
Operations Office, Richland Washington 
24 H-2-830108, revision 1, 2001, W-519Site / Wilily Systems LeakDetection Details, U.S. Department of Energy 
Richland Operations Office, Echland Washington 
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coordinates N 136136, E 575800, which is shown on drawing H-2-83009525. The 3”- 
WTP-002-M17 pipeline connects to the existing underground pipeline from the 242-A 
Evaporator to the LERF basins, as shown on drawing H-2-83009326. A Y-pipeline connection 
with valves will be installed along with a fiberglass encasement man-way to access these valves, 
similar to that shown on H-2-830102, sheet 2, detail 4. The Y-pipeline connection will enable 
connectiodisolation of the condensate pipeline from the secondary waste evaporator system and 
the future condensate pipeline from the WTP to the 3”-WTP-002-M17 pipeline. 
While the site location has not been selected, it is assumed for cost estimating purposes that the 
secondary waste evaporator system is located on the north side of 4” Street, east of the 207-A 
retention basins at coordinates N 136136, E 575800. An estimated 600 feet of direct buried 
coaxial pipeline will need to be installed from this site location to join with the 3”-WTP-002- 
M17 pipeline at coordinates N 136136, E 575800. 
3.8 
The cooling water from the three condensers and the steam condensate is discharged via an 
underground pipeline to the Treat Effluent Disposal Facility (TEDF). The cooling watedsteam 
condensate pipeline from the SWE system will connect to the existing Line J pipeline for use by 
the WTP at approximately coordinates N 136136, E 575800, which is shown on drawing 
H-2-830095”. This is the same location as the 3”-WTP-002-M17 pipeline connection for the 
process condensate (see Section 0). 
The Line J pipeline connects to the existing underground Line H pipeline for TEDF waste 
streams, as shown on drawing H-2-830102, sheet 3, detail 9’’ and H-2-140342, sheet lZ9. The 
Line J pipeline is a direct buried 8-inch DN200 PVC pipe (AWWA C900 pipe code P-1) and is 
not encased. A Y-pipeline connection with valves will be installed along with a fiberglass 
encasement man-way to access these valves, similar to that shown on H-2-830102, sheet 2, detail 
4. The Y-pipeline connection will enable connection/isolation of the pipeline from the SWE 
system and the future condensate pipeline from the WTP to the Line J pipeline. 
While the site location has not been selected, it is assumed for cost estimating purposes that the 
secondary waste evaporator system is located on the north side of 4” Street, east of the 207-A 
retention basins at coordinates N 135550, E 575800. An estimated 600 feet of direct-buried 8- 
inch DN200 PVC pipe will need to be installed from this site location to join with the Line J 
pipeline at coordinates N 136136, E 575800. The same excavation will be used to install the 
process condensate (LERF) and steam condensate/cooling water (TEDF) pipelines. 
STEAM CONDENSATE AND COOLING WATER DISPOSAL 
H-2-830095, revision 2, 2001, W-SIYSite / Utility SystemsPlan andPvoj3e STA 0 + 800 to STA I + 200, U.S. 25 
Department of Energy Echland Operations Office, Echland Washington 
26 H-2-830093, revision 1, 2001, W-SIYSite / Utility Systems Title Sheet, Dwg List & Geneva1 Notes, U.S. 
Department of Energy Echland Operations Office, Echland Washington 
27H-2-830095, revision 2,2001, W-SIYSite / Utility Systems Plan andPvoj3e STA 0 + 800 to STA I + 200, U.S. 
Department of Energy Echland Operations Office, Echland Washington 
28 H-2-830102, sheet 3, revision 1, 2001, W-SI9 Site / Utility SystemsPiping Sections &Details, U.S. Department of 
Energy Richland Operations Office, Richland washington 
29 H-2-140342, sheet 1, revision 2, Civil Line H STA O+OO to STA 32+23, U.S. Department of Energy Richland 
Operations Office, Richland Washington 
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3.9 CHILLED WATER SUPPLY 
A closed-loop chilled water system supplies water to the SWE building ventilation system at an 
estimated 200-gpm, based on the chilled water supply to the 242-A Evaporator building 
ventilation system . 30 
3.10 MATERIAL BALANCE 
The composition ofthe candidate LAW solutions to the IPS was estimated in SVF-1484, IPS 
DSTFeed Calc. WTP project personnel used this estimated IPS feed compositions to estimate 
the composition of the secondary waste solution generated from processing these candidate 
feeds3’. The estimated compositions ofthe secondary waste solutions were then fed to an 
evaporation simulation to estimate the composition of the evaporator bottoms (concentrate) and 
overheads (condensate), as detailed in Appendix B. Tables B-7 through B-10 in Appendix B 
provided the estimated compositions of the condensate and concentrate streams generated from 
processing the WTP secondary waste solutions in the SWE system. 
3.11 VESSEL SIZING AND ASSUMPTIONS 
Table F-1 summarizes the size and materials of construction for the major equipment of the SWE 
system. The SWE system equipment and vessels materials of construction, dimensions, and 
capacities are taken from the design media prepared for the TLP system, with the exception of 
the capacities for the LAW secondary waste solutions receipt vessels (SWE-VSL-OOOOlA/B), 
concentrate vessels (SWE-VSL-O0003A/B), and clean condensate vessels 
(SWE-VSL-O0006A/B/C). The capacities of these vessels were recalculated based on 
assumptions for the Interim Pretreatment System. The major changes in assumptions are the 
TLP system uses pulse-jet mixing whereas the IPS will use mechanical agitators, resonance time 
for sample analyses, and vessel working capacity, as listed in Table F-2. These assumptions are 
based on best engineering practices and will be validated during further design activities for the 
Interim Pretreatment System. 
The capacity for each LAW secondary waste solutions receipt vessel (SWE-VSL-OOOOlLUB) is 
based on receiving the entire inventories of submerged bed scrubber solution, the caustic 
scrubber solution and the flush volume for the transfer pipeline from the WTP LAW Vitrification 
facility to the proposed IPS site. The combined volume of these three streams is 28,000 gallons. 
Using the vessel sizing assumptions in Table F-2, the total volume of each LAW secondary 
waste solutions receipt vessel is -36,600 gallons. 
The capacity of each concentrate vessel (SWE-VSL-00003.MB) is based on receiving 
concentrate for 24-hours and the vessel sizing assumptions in Table F-2. As shown in Appendix 
B, Table B-9, the volumetric generation rate of concentrate is approximately 1.5Lpm. The 
30 H-2-830594, rev. 0,2007,242-A EvapovatovHVAC Chilled WatevP &ID,  U. S .  Department of Energy Office of 
River Protection, Richland Washmgton 
“Analyze and Predict Early LAW Secondary Waste Streams ~ Task Order no. 1 4 ,  Letter # AEM 075 dated April 
14, 2008 from L. Bergman to R. A. Burk, BechtelNational Inc., AEM Consulting, 2417 Mark Avenue, Richland 
Washington 
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operating volume and total capacity of each concentrate vessel is therefore 570-gallons and 750- 
gallons. 
Three clean condensate vessels (SWE-VSL-O0006A/B/C) are utilized in the secondary waste 
evaporator system. One vessel is normally being filled with clean condensate, the second vessel 
is being sampled / analyzed, and the third vessel is transferring its contents to the LERF basins. 
These three vessels are sized to receive the condensate flowrate of an estimated 241pm for a 24- 
hour period, using the assumption in Table F-2. The average condensate flowrate is calculated 
in Appendix B, Table B-3. 
4.0 FACILITY ARRANGEMENT 
The 242-A Evaporator facility3' and the TLP Evaporator33 drawings were reviewed to gain 
insight into potential arrangement of process equipment for the SWE system. Based on review 
of these drawings, a preliminary arrangement of the SWE system was selected, as shown in. The 
dimensions of the 242-A Evaporator building were generally used, with the exception of the 
process equipment area width and length was increased from 24ft (W) to 33ft (W) and 75ft (L) to 
118ft (L) to incorporate the Secondary Waste Solutions Receipt Vessels within the SWE system 
building. The 242-A Evaporator building does not contain similar vessels and uses a double- 
shell tank as the feed vessel. The area from the control room, motor control centers, change 
rooms was also enlarged from approximately 42ft (W) x 36ft (L) x 1 lft (H) for the 242-A 
Evaporator building to 75ft (W) x 118ft (L) x 12ft (H) for the SWE system. This change was 
made to remedy the congestion experienced in these areas within the 242-A Evaporator building. 
Similarly, the area of the Aqueous Make-up/HVAC systems was enlarged from approximately 
25ft (W) x 50ft (L) x 47ft (H) for the 242-A Evaporator building to 25ft (W) x 93ft (L) x 47ft (H) 
for the SWE system to remedy congestion in this area as well. 
Additionally, the SWE system includes an exterior storage location and a reinforced concrete 
basin for containment of the three Clean Condensate Vessels. The 242-A Evaporator, which 
does not include clean condensate vessels, discharges to the LERF basins. 
32 H-2-69269, revision 1, 1976, Avchitectuval lst FloovPlan - 242-A; H-2-69270, revision 2, 1977, Avchitectuval 
2"d FloovPlan - 242-A; H-2-69271, revision 1, 1976, Avchitectuval FloovPlan - 242-A, H-2-69272, revision 2, 
19776, Avchitectuval Elevations &Sections - 242-A, U. S .  Atomic Energy Commission Echland Operations Office, 
Richland Washington 
33 24590-PTF-3PS-MEVV-TPOO1, rev. 2,2005, RivevPvotection Pvoject- Waste TveatmentPlantEngineenng 
Speci3cation fovFovced Civculation Vacuum Evapovatov System, Bechtel National Inc., Richland Washington 
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Figure F-1. Preliminary Concept for Secondary Waste Evaporator Building Arrangement. 
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Table F-1. SWE Process Equipment Summary - ASME VI11 Division I Vessels. 
Name 
SWI-VSL- 
0 0 0 0 1 m  
SWI-VSL- 
00003AE3 
Description Dimensions 
(2) Secondary 176-inch ID 
Waste Solutions 350-inch height 
Receipt Vessels 
518-inch thick 
shell and top head 
112-inch thick 
bottom head 
(2) Concentrate 48-inch ID 
96-inch height 
518-inch thick 
shell and top head 
112-inch thick 
bottom head 
Vessels 
SWE-PMP- 
0 0 0 0 5 m  
SWE-PMP- 
00001 
Pump 
SWI-RBLR- I SWE Evauorator I 72 x 72 x 180-inch 
Variable-speed NIA 
feed pumps to 
suction side of the 
SWE Evaporator 
recirc. pump 
SWE evaporator is NIA 
at the suction side 
of the recirc. 
00001 
heat exchanger 
with 2582-ft2 of 
surface area 
72-inch ID shell 
822 tubes, 1.5- 
inch OD 
Reboiler 
00001 
SWE-DMST- Offgas Demister NIA 
00001 
Separator Vessel Upper Section: 
7.5-ft 
Lower Section: 
11.5-ft 
Height: 33-ft 
10.75-inch 
Includes two 
demister pads and 
three bubble cap 
trays 
SWE- 
'MP-ooo11m 
Capacity 
Maximum 
operating 
volume: 28,000- 
gal each 
Total volume: 
36,600-gal each 
Variable-speed NIA 
evaporator 
concentrate pumps 
Maximum 
operating 
volume: 570-gal 
each 
Total volume: 
750-gal each 
70-gpm 
11,000-gpm 
1.835E+07 
B T U h  
Max. Operating 
Volume: 3,341- 
gal 
Total Volume: 
13,359-gal 
NIA 
50-gpm 
Materials of Reference 
Construction 
304L SS Table 
assumptions. 
1.5-lpm of clean 
condensate (see 
Table B-9) and 
Table 
assumptions. 
316 SS 24590-PTF- 
MPD-TLP- 
00009 
6% Mo MPD-TLP- 
00007 
I 
304L SS I 24590-PTF- 
(shell) MED-TLP. 
PO004 Alloy G-30 
seamless for 
tubes 
304 SS 24590-PTF- 
MVDTLP- 
00005 
24590-QL- 
POA-MEVV- 
00001-02-00079 
rev. OB 
304L SS 24590-PTF- 
MV-TLP- 
DMST-00001 
316 SS 24590-PTF- 
MPD-TLP- 
00008 
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Name 
s m - c o m -  
00001 
s m - c o m -  
00003 
s m - c o m -  
00002 
SWI-VSL- 
00002 
SWE-PMP- 
0 0 0 0 2 m  
SWI-VSL- 
00006A/B/C 
SWE-PMP- 
00003A/B/C 
Description 
SWE Evaporator 
Primary 
Condenser 
SWE Evaporator 
Inter-Condemer 
SWE Evaporator 
After-Condenser 
Evaporator 
Condensate 
Vessel 
(2) Condensate 
Pumps 
(3) Clean 
Condensate 
Vessels 
(3) Condensate 
Pumvs 
Dimensions 
1 1 5 . 7 5 ~ 6 8 ~ 2 6 3 -  
inch 
57-inch ID shell 
1,157 tubes, 1- 
inch OD 
8-Pass heat 
exchanger with 
3795-ftz of surface 
area 
20 x 12.625 x 85- 
inch 
8-inch OD shell 
43 tubes, 0.75- 
inch OD 
heat exchanger 
with 50.7-ftz of 
surface area 
18 x 10.75 x 69- 
inch 
6-inch OD shell 
19 tubes, 0.75- 
inch OD 
heat exchanger 
with 14.9-ftzof 
surface area 
72-inch ID 
110.69-inch 
Height 
5/8-inch thick 
shell and top head 
1/2-inch thick 
bottom head 
N/A 
122-inch ID 
240-inch height 
5/8-inch thick 
shell and top head 
1/2-inch thick 
bottom head 
N/A 
Capacity 
1.71E+07 
B T U h  
1,300-gpm water 
supply at 75°F 
and 60 psia 
4.36E+05 
B T U h  
65-gpm water 
supply at 75°F 
60-psia 
1.68E+05 
B T U h  
30-gpm water 
supply at 75°F 
60-psia 
Max. Operating 
Volume: 1,916- 
gal 
Total Volume: 
2,227-gal 
40-gpm 
Maximum 
operating 
volume: 9,130- 
gal each 
Total volume: 
11,140-gal each 
50-gpm 
Materials of 
Construction 
316 SS 
316 SS 
316 SS 
304L SS 
316 SS 
304L SS 
316 SS 
Reference 
24590-PTF- 
MED-TLP- 
00001 
24590-PTF- 
MED-TLP- 
00002 
24590-PTF- 
MED-TLP- 
00003 
24590-PTF- 
MV-TLP-TLP- 
00004 
24590-PTF- 
MPD-TLP- 
00010 
24-lpm of clean 
condensate (see 
Table B-3) and 
Table 
assumptions. 
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Table F-2. Process Vessels Sizing Assumptions. 
Assumption 
Normal working volume of vessel is 85 percent 
of the total vessel capacity. 
An allowance of 25 percent volume is provided 
in vessels where neutralization reactions occur. 
10 percent of the vessel capacity is assumed to 
be used due to volume displacement by 
internal components. 
The vessel height to diameter ratio is 2. 
Line flush volume from WTP LAW 
Vitrification Facility to SWE Evaporator LAW 
secondary waste solutions receipt vessels 
Process solution residence time in vessels used 
in SWE system 
Vessel 
SWE Evaporator LAW 
secondary waste solutions 
receipt vessels (SWE- 
VSL-0000 1NB)  
Concentrate Vessels 
SWE-VSL-00003NB 
Clean Condensate 
Vessels (SWE-VSL- 
00006NB/C) 
Capacity / 
Residence Time 
(hours) 
Receive entire 
contents of WTP 
LAW Vitrification 
SBS and Caustic 
Scrubber Vessels 
24 hours each 
24 hours each 
Discussion 
Vessels are allowed to fill to 85 percent 
capacity to provide margin against 
inadvertent overfilling and loss of 
process solutions to cell floor. 
Foaming of process solutions can occur 
during neutralization. This allowance is 
for foam formation and disengagement. 
Vessels may be equipment with sensors 
(e.g., liquid level and density), pumps, 
mixing devices, or other components 
that will displace process solution 
volume. 
The procurement cost is lower for 
vessels with a h e i h t  to diameter ratio 
2,000-gallons 
These residence times have been 
assigned to provide sufficient sample 
analyses turn-around without the need 
for process shutdown. 
Assumes the Laboratory is operational 
24-hours per day, 7-days a week. 
103 
RPP-RPT-37924, Rev. 0 
5.0 REFERENCES 
24590-PTF-3PS-MEVV-TPO012005, River Protection Project ~ Waste Treatment Plant 
Engineering Specification for Forced Circulation Vacuum Evaporator System, , Rev. 2, 
Bechtel National Inc., Richland WA 
24590-PTF-3YD-TLP-0000 1,2002, System Description for Treated LAWEvaporation Process 
JTLP), Rev. 0, Bechtel National Inc. Waste Treatment Plant, Richland WA 
24590-QL-POA-MEVV-0000 1-02-00079 2005, Demister Pad and Bubble Tray Qualijkation 
Shipping Condition HEP 1, FEP, and TLP Separator Vessels, Rev. OB, Framatome ANP 
Inc., Richland WA 
Rev. 1, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Rev. 2, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Rev. 2, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Rev. 0, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Centrfugal Pump, Rev. 1, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Rev. 1, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Centrfugal Pump, Rev. 1, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Centrfugal Pump, Rev. 1, Bechtel National Inc. Waste Treatment Plant, Richland WA 
Bechtel National Inc. Waste Treatment Plant, Richland WA 
Inc. Waste Treatment Plant, Richland WA 
Inc. Waste Treatment Plant, Richland WA 
24590-PTF-MED-TLP-00001,2005, Mechanical Data Sheet Shell and Tube Heat Exchanger, 
24590-PTF-MED-TLP-P0002,2005, Mechanical Data Sheet Shell and Tube HeatExchanger, 
24590-PTF-MED-TLP-P0003,2005, Mechanical Data Sheet Shell and Tube HeatExchanger, 
24590-PTF-MED-TLP-P0004,2004, Mechanical Data Sheet Shell and Tube Heat Exchanger, 
24590-PTF-MPD-TLP-00001,2005, Mechanical Systems Data Sheet: ALME/ANSI General 
24590-PTF-MPD-TLP-00007 2005, Mechanical Systems Data Sheet: API610 Axial Flow Pump, 
24590-PTF-MPD-TLP-00008,2005, Mechanical Systems Data Sheet: ALME/ANSI General 
24590-PTF-MPD-TLP-00009,2005, Mechanical Systems Data Sheet: ALME/ANSI General 
24590-PTF-MV-TLP-DMST-00001, 2002, Mechanical Systems Data Sheet: Vessel, Rev. A, 
24590-PTF-MVD-TLP-00004, 2004, Mechanical Data Sheet: Vessel, Rev. 1, Bechtel National 
24590-PTF-MVD-TLP-00005, 2005, Mechanical Data Sheet: Vessel, Rev. 4, Bechtel National 
SVF-1484, 2008, IPSDSTFeed Calculation, CH2M HILL Hanford Group Inc., Richland WA 
104 
RPP-RPT-37924, Rev. 0 
Appendix A. Estimation of Pipeline Flush Volume. 
The WTP could use either pipeline SN-700 or SN-701 to return secondary wastes from the LAW 
Vitrification Facility to the Tank Farms. Pipelines SN-700 and SN-701 are in the same trench 
and are about the same length. Alternatively, a new pipeline following a similar course and 
length as SN-700 could be installed. 
Drawings H-14-10497134, sheet 5 and H-14-10490035, sheets 1 - 9 depictthe 3-inch diameter 
pipeline SN-700 from the 241-AP-02D pump pit to the WTP site. Pipeline SN-700 is 
approximately 2,164ft in length based on these drawings. The WTP would need to connect to 
SN-700 and extend this pipeline to the LAW Vitrification Facility. Depending on the route 
selected by the WTP project, the length of the pipeline connecting between SN-700 and the 
LAW Vitrification facility could be about 2,600ft. The total pipeline length from the AP-02D 
pump pit to the LAW Vitrification facility would be about 4,764ft. The internal volume of this 
3-inch pipeline is -233.7 cubic feet or 1,750 gallons. 
Internal Volume = L x n(d/2)’ x 7.481 gallons/ft3 
4,764ft x 3.14 x (3-inch/2/12-inch/ft)’ x 7.481 gallons/ft3 
- 1,750 gallons 
A line flush volume of 2,000 gallons is recommended, which provides some allowance (-680-ft 
of 3-inch pipeline) in case pipeline SN-700 is connected from the 241-AP-02D pump pit to 
another AP Farm tank or the WTP pipeline route is longer than estimated. 
34 H-14-104971 sheet 5,  revision 2,2004, Piping SuppovtPlan 3” SN-7OO-M9, U.S. Department of Energy Echland 
Operations Office, Richland Washington 
35 H-14-104900 sheet 1, revision 1,2003, Piping SuppovtPlan 3” SN-7OO-M9, U.S. Department of Energy Echland 
Operations Office, Richland Washington 
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Appendix B. Concentrate and Condensate Composition Estimates. 
B1.O INTRODUCTION 
The compositions of the concentrate and condensate streams produced from evaporation of the 
secondary waste solutions are determined assuming the SWE system operates similar to the 
242-A Evaporator. The waste volume reduction factor for the secondary waste solutions is first 
calculated in section B2.0 and then used along with split factors for the 242-A Evaporator to 
determine the composition of the condensate (Section B3.0). The composition of the concentrate 
stream (Section B4.0) is calculated using the waste volume reduction factors (Section B2.0) and 
the split factors for the 242-A Evaporator. The derivation of equations for these calculations and 
results are presented in the following sections. 
B.2 WASTE VOLUME REDUCTION FACTORS 
The waste volume reduction (WVR) factors for the secondary waste solutions processed in the 
SWE system can be predicted using Equation 1, which was developed for the existing Hanford 
242-A Evaporator (HNF-SD-WM-SP-012 Rev. 6, Page A-1 16)36. 
Equation 1 
Where: 
WVR =Waste Volume Reduction 
w~ 
= Evaporator set point (bottoms specific gravity) 
= Specific gravity of evaporator feed 
The volume of process condensate is assumed to be 1.15 times the waste volume boiled off from 
the fed to account for seal water and the vacuum system steam jets. This is the same assumption 
used in modeling the operation of the 242-A Evaporator. 
The estimated compositions of the secondary wastes generated at the LAW Vitrification 
Facility3’ are provided in Table B-1 and Table B-2. Total waste volume and density are also 
included in Table B-13’. 
For the secondary waste solutions, an evaporator set point specific gravity of 1.3 gm/ml is 
assumed to minimize the potential for solids formation. The waste volume reduction factors for 
the secondary waste solutions have been calculated in Table B-3 using Equation 1, the 
evaporator set point specific gravity of 1.3 gndml, and the densities of the secondary waste 
solutions from Table B- 1. Since the evaporator set point specific gravity and the densities of the 
36 HNF-SD-Wlv-SP-012 revision 6, 2007, Tank Farm Contractor Operation and Utilization Plan, CH2MHILL 
Hanford Group Inc., Echland Washington 
37 “Analyze and Predict Early LAW Secondary Waste Streams ~ Task Order no. 1 4 ,  Letter # AEM 075 dated April 
14, 2008 from L. Bergman to R. A. Burk, BechtelNational Inc., AEM Consulting, 2417 Mark Avenue, Richland 
Washington 
38 “Analyze and Prediction of Early LAW Secondary Waste Streams”, E-mail dated April 23, 2008 from G. Dunford 
to M. E. Johnson CH2M HILL Hanford Group Inc., AEM Consulting, 2417 Mark Avenue, Echland Washington 
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secondary waste solutions do not change for each of the feeds, the waste volume reduction factor 
is 93% for all of the secondary waste solutions. Also included in Table B-3 is the volumetric 
generation rate (Lpm) and total volume of the condensate derived from evaporation of these 
secondary waste solutions. 
Rate m3lyr 11101 11213 11037 11252 11248 11237 11208 11091 
Rate lpm 21.7 21.9 21.5 21.9 21.9 21.9 21.9 21.6 
pH 8.32 8.41 8.29 8.24 8.34 8.39 8.25 8.62 
Density 
Volume I I I I I I I I 
gmlml 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 
OrL) I 5.34E+03 I 5.44E+03 I 5.98E 03 I 6.10E+03 I 5.95E+03 I 6.62E+03 I 5.73E+03 I 5.55E+03 I 
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Table B-2. Radioactive Components in LAW Vitrification 
Secondary Waste Stream (Ci/L). 
Table B-3. Secondary Waste Solutions Waste Volume Reduction Factors and 
Condensate Volumetric Generation Rates. 
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3H 
14C _. 
_. 
B3.0 CONDENSATE COMPOSITION 
The composition of the process condensate from the SWE system is estimated using the same 
estimation basis as for the 242-A Evaporator. The following calculation determines split factors 
(SF). 
Equation 2 
SF; 
Where: 
= 1 / [ l  + Kp;/21,579 * ((1-WVR)/WVR)] 
same as WVR 
1.00E+07 
SF; = split factor for component i; the split factor is the mass or activity of 
component i in the process condensate to the mass or activity of component i 
in the feed 
~~ 
99Tc 
106Ru 
1291 
134Cs 
137Cs 
144Ce 
154Eu 
155Eu 
233U 
WVR = Waste Volume Reduction factor 
~ ~~ 
1.10E+11 
6.70E+07 
4.00E+08 
1.00E+07 
9.30E+11 
N/A 
1.00E+07 
1.00E+07 
1.00E+07 
Kp; = 242-A Evaporator partition coefficients provided in Table A-29 of HNF-SD- 
WM-SP-012 Rev. 6, Pages A-117 thru A-119 
a numerical factor accounting for the 15% volume increase and for the ratio of 
the volume of condensate as a vapor to the volume of condensate as a liquid 
evaluated at 60 torr and 52°C. 
21,579 = 
The partition coefficients (Kp;) used for the SWE system are summarized in Table B-4. The split 
factor for component i (SF;) is calculated in Tables B-5 and B-6 using Equation 2, the partition 
coefficients (Kp;) from Tables B-3, and the WVR from Table B-4. 
Table B-4. Partitioning Coefficients from HNF-SD-WM- 
SP-012, Rev. 6. 
6OCo 
79Se 
90Sr t 2.30E+09 
94Nh N/A 
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Table B-4. Partitioning Coefficients from HNF-SD-WM- 
SP-012, Rev. 6. 
244c111 
A1 - 
1.00E+07 
1.50E+07 
Si 
SO4 
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Table B-6. Secondary Waste Split Factors - Radionuclides. 
112 
RPP-RPT-37924, Rev. 0 
The mass or activity of component i in the process condensate can then be calculated from the 
split factor (SF;) as follows: 
SFi * (maso) feed = (mass;) condensate 
SF; * (activity;) feed = (activity;) condensate 
Equation 3a 
Equation 3b 
Substituting Equation 3a into Equation 6 and solving for concentration of component i in the 
process condensate yields Equation 7: 
Equation 7 
[SF; * (maso) feed] /volume condensate = (gm;/L) condensate 
Substituting Equation 5 into Equation 7 and solving yields Equation 8: 
Equation 8 
Substituting Equation 4a into Equation 8 and solving yields Equation 9: 
Equation 9 
[ S F i  * (WiJL) feed] / [WVR * 1.151 = (gm;/L) condensate 
Substituting Equation 4b into Equation 9 and solving yields Equation 10: 
Equation 10 
[SF; * (PPm;) feed * wfeed] / [WVR * 1.15 * wcond] = (PPm;) cond. 
Assuming the density of the condensate (wcond.) is 1 g d m l  and using the density of the feeds 
(wf&) from Table B-2, Equation 10 is simplified to Equation 11: 
Equation 11 
[SF; * (ppmi) feed * 1.021 / [WVR * 1.151 = (ppmi) cond. 
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Similarly, the above equations can be solved to determine the activity of component i in the 
process condensate yielding Equation 12: 
Equation 12 
[SF; * (ci/L); feed * 1.021 / [WVR * 1.151 = ci/L; cond, 
Equations 11 and 12 have been used along with the mass (Table B-1) or activity (Table B-2) of 
component i in the feed, the waste volume reduction factors (Table B-3), and the split factor for 
component i (Tables B-5 and B-6) to solve for the mass or activity of component i in the 
condensate in Tables B-7 and B-8. 
5.95E+O 1 
4.49E-03 
3.63E+00 
5.9E+01 
7.4E-04 
3.64E+OC S 
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Table B-8. Condensate Composition - Radionuclides (CUL). 
B4.0 CONCENTRATE COMPOSITION 
The concentration of component i in concentrate produced in the SWE system is the mass of 
component i divided by the volume of the concentrate as expressed by Equation 13. The mass of 
component i in the concentrate can be determined by subtracting the mass of component i in the 
process condensate from the mass of component i in the feed to the SWE system as expressed by 
Equation 14. The volume of the concentrate is determined using Equation 15 and the waste 
volume reduction factor for the feed (Table B-3). 
Component; (gndL) = [mass; I volume] 
Equation 13 
Equation 14 
Equation 15a 
Equation 15b 
[ m a ~ ~ ; l ~ ~ ~ ~ ~ ~ t r ~ t ~  = [mass;lfeed - [mass;lcondensate 
volume 
volume feed = volume 
= (1-WVR) * volume feed 
I (1-WVR) 
Substituting Equation 3) into Equation 15 and rearranging yields Equation 16: 
Equation 16 
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Equation 17 
Substituting Equation 4b into Equation 17 yields Equation 18: 
Equation 18 
[ m a ~ ~ ; l ~ ~ ~ ~ ~ ~ t r ~ t ~  = [(ppm;) feed * (1E-06 gm/ppm) * (1E+03 ml/L) * w f e e d  * volume feed] * (1- SF;) 
Substituting Equation 15b into Equation 18 and rearranging yields Equation 19: 
[mass; / volume] 
Equation 19 
= [(ppm;) feed * 1E-03 * w f e e d  * (1- SF;) / (1-WVR) 
Similarly, the above equations can be solved to determine the concentration of radionuclide 
component i in the concentrate yielding Equation 20: 
[activity; /volume] 
Equation 20 
= [(ppm;) feed * 1E-03 * w f e e d  * (1- SF;) / (1-WVR) 
Table B-9 provides the concentration of component i in the concentrate based on Equation 19, 
the SWE system feed (Table B-l), the separation factors (Table B-5), and the waste volume 
reduction factors (Table B-3). Table B- 10 provides the concentration of radionuclide component 
i in the concentrate based on Equation 20, the SWE system feed (Table B-2), the separation 
factors (Table B-5), and the waste volume reduction factors (Table B-3). 
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1.18E-01 
1.19E-04 
6.64E-01 
1.11E-03 
4.7OE+OO 
1.1E-01 
1.81E-08 
. .. 
1.19E-01 
8.14E-05 
. .. 
1.16E-01 1.16E-01 
1.75E-04 1.16E-05 +. . . - . . . . . - . . 
2.48E-04 
4.66E+00 
^^  
4.62E-04 
4.73E+00 
1.18E-01 
O.OOE+OO 
. .. 
1.89E-05 
4.7 1 E+OO 
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Table B-10. Concentrate Composition - Radionuclides (CUL). 
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APPENDIX G. COST 
Cost estimates were prepared for mitigating approaches to assist in a quantitative approach 
comparison. Cost estimates for Approach 6, potential feed selections from the Tank Farm 
baseline, are shown in Section G1.O. Rough-order-of magnitude cost estimates were prepared 
for the remaining mitigating approaches are shown in Sections G2 through G14. The cost 
estimates are provided in detail here and summarized in Section 7.0. 
G1.O POTENTIAL FEED SELECTIONS 
Costs for retrieval of waste from all tanks are included in the Tank Farm baseline. None of the 
potential IPS feed tanks is currently planned for retrieval between 2014 and 2019. Therefore, the 
costs estimates of the three tank groups, High, Mid and Low 99Tc, are compared on an equal 
basis. The cost estimates represent the incremental cost burden during the FY2014 through 
FY2019 time frame to support IPS operations; even though they are all baseline costs in the 
future. The cost estimates below are for Approach 6, potential feed selections. 
Baseline cost estimates for retrieval of waste in High 99Tc Feed Tanks, DSTs, total $22,926 
thousand dollars as shown in Table G-1. Supernatants in the DSTs other than AN-104 will be 
pumped using existing transfer pumps and require no incremental cost for IPS operations. The 
other seven DSTs include AP-101, AP-102, AP-103, AP-104, AP-105, AP-107 and AP-108. 
Baseline cost estimates for retrieval of waste in Mid 99Tc Feed Tanks, sound SSTs in close 
proximity to DSTs, total $267,813 thousand dollars as shown in Table G-2. These tanks include 
11 SSTs and 2 DSTs in 200-West area which are already connected with hose-in-hose transfer 
lines. 
Baseline cost estimates for retrieval of waste in Low 99Tc Feed Tanks, sound and assumed leaker 
SSTs some distance to the nearest DSTs, total $417,956 thousand dollars as shown in Table G-3. 
These costs include 16 SSTs and a Waste Receiver Facility in 200-East area which is required to 
enable transfer of waste the long distance the East area DST farms. 
Table G-1. Cost of High 99Tc Feed Tanks. 
WBS Lvl6 Activity Name 
5.08.03.07.04.02 
5.08.03.07.04.03 
5.08.03.07.04.04 
5.08.03.07.04.01 
5.08.03.07.04.02 
5.08.03.07.04.05 
5.08.03.07.04.04 
5.08.03.07.04.05 
5.08.03.07.04.02 
AN- 104 Technical Evaluation/Design Update 
AN- 104 Retrieval System Equipment Procurement 
AN- 104 Retrieval System Construction 
AN- 104 Retrieval System Project Management 
AN- 104 Retrieval System Engineering/Inspection 
AN- 104 Startup/Test Retrieval Sys (less Mixers) 
AN- 104 Install Mixer Pumps 
AN-104 Startup and Test Mixer Pumps 
AN- 104 Retr Sys Engineering/Inspection (MP) 
Total 
Thousands of 
Dollars 
$487 
$4,287 
$8,294 
$2,806 
$1,893 
$978 
$704 
$30 
$22,926 
$3,447 
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Table G-2. Cost of Mid 99Tc Feed Tanks. 
WBS Lvl6 Activity Name 
5.08.07.01.03.01 
5.08.07.01.03.02 
5.08.07.01.03.02 
5.08.07.01.03.03 
5.08.07.01.03.04 
5.08.07.01.03.05 
5.08.07.01.03.06 
5.08.07.01.03.06 
5.08.07.01.03.07 
5.08.07.01.03.08 
5.08.07.01.03.09 
5.08.07.01.03.09 
5.08.07.01.03.09 
5.08.07.01.03.09 
5.08.07.01.05.01 
5.08.07.01.05.02 
5.08.07.01.05.02 
5.08.07.01.05.03 
5.08.07.01.05.04 
5.08.07.01.05.05 
5.08.07.01.05.06 
5.08.07.01.05.06 
5.08.07.01.05.07 
5.08.07.01.05.08 
5.08.07.01.05.09 
5.08.07.01.05.09 
5.08.07.01.05.09 
5.08.07.01.05.09 
5.08.07.01.06.01 
5.08.07.01.06.02 
5.08.07.01.06.02 
5.08.07.01.06.03 
5.08.07.01.06.04 
5.08.07.01.06.05 
5.08.07.01.06.06 
5.08.07.01.06.06 
5.08.07.01.06.07 
5.08.07.01.06.08 
S- 103 Retrieval Project Management 
S-103 Retrieval Design 
S-103 Engineering Support 
S- 103 Retrieval Procurement 
S- 103 Retrieval System Installation 
S-103 Retrieval Startup and Readiness 
S-103 Retrieval Operations (MS) 
S-103 Retrieval - Equipment Removal for 
Sampling 
S-103 Post-Retrieval Sampling & Analysis 
S-103 Retrieval Data Report 
S-103 Hard Heel Rmvl Procurement 
S-103 Hard Heel Rmvl Design & Engineering 
S-103 Hard Heel Rmvl Installation 
S-103 Hard Heel Rmvl Operations 
S- 105 Retrieval Project Management 
S-105 Retrieval Design 
S-105 Engineering Support 
S-105 Retrieval Procurement 
S- 105 Retrieval System Installation 
S-105 Retrieval Startup and Readiness 
S-105 Retrieval Operations (MS) (78) 
S-105 Retrieval - Equipment Removal for 
Sampling 
S-105 Post-Retrieval Sampling & Analysis 
S-105 Retrieval Data Report 
S-105 Hard Heel Rmvl Procurement 
S-105 Hard Heel Rmvl Design & Engineering 
S-105 Hard Heel Rmvl Installation 
S-105 Hard Heel Rmvl Operations 
S- 106 Retrieval Project Management 
S-106 Retrieval Design 
S-106 Engineering Support 
S- 106 Retrieval Procurement 
S- 106 Retrieval System Installation 
S-106 Retrieval Startup and Readiness 
S-106 Retrieval Operations (MS) 
S-106 Retrieval - Equipment Removal for 
Sampling 
S-106 Post-Retrieval Sampling & Analysis 
S-106 Retrieval Data Report 
support 
support 
Thousands of 
Dollars 
$2,627 
$472 
$1,179 
$1,860 
$4,061 
$736 
$234 
$2,965 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$3,504 
$472 
$1,179 
$1,860 
$4,061 
$736 
$6,708 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,904 
$472 
$1,179 
$1,860 
$4,061 
$736 
$4,147 
$234 
$599 
$148 
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Thousands of 
Dollars 
$1,088 
$816 
$1,464 
$1,481 
$3,024 
$472 
$1,179 
$1,860 
$4,061 
$736 
$4,660 
WBS Lvl6 Activity Name 
5.08.07.01.06.09 
5.08.07.01.06.09 
5.08.07.01.06.09 
5.08.07.01.06.09 
5.08.07.01.08.01 
5.08.07.01.08.02 
5.08.07.01.08.02 
5.08.07.01.08.03 
5.08.07.01.08.04 
5.08.07.01.08.05 
5.08.07.01.08.06 
5.08.07.01.08.06 
5.08.07.01.08.07 
5.08.07.01.08.08 
5.08.07.01.08.09 
5.08.07.01.08.09 
5.08.07.01.08.09 
5.08.07.01.08.09 
5.08.07.01.09.01 
5.08.07.01.09.02 
5.08.07.01.09.02 
5.08.07.01.09.03 
5.08.07.01.09.04 
5.08.07.01.09.05 
5.08.07.01.09.06 
5.08.07.01.09.06 
5.08.07.01.09.07 
5.08.07.01.09.08 
5.08.07.01.09.09 
5.08.07.01.09.09 
5.08.07.01.09.09 
5.08.07.01.09.09 
5.08.07.01.1 1.01 
5.08.07.0 1.1 1.02 
5.08.07.0 1.1 1.02 
5.08.07.0 1.1 1.03 
5.08.07.0 1.1 1.04 
5.08.07.01.1 1.05 
5.08.07.0 1.1 1.06 
5.08.07.0 1.1 1.06 
S-106 Hard Heel Rmvl Procurement 
S-106 Hard Heel Rmvl Design & Engineering 
S-106 Hard Heel Rmvl Installation 
S-106 Hard Heel Rmvl Operations 
S- 108 Retrieval Project Management 
S-108 Retrieval Design 
S-108 Engineering Support 
S-108 Retrieval Procurement 
S- 108 Retrieval System Installation 
S-108 Retrieval Startup and Readiness 
S-108 Retrieval Operations (MS) 
S-108 Retrieval - Equipment Removal for 
Sampling 
S-108 Post-Retrieval Sampling & Analysis 
S-108 Retrieval Data Report 
S-108 Hard Heel Rmvl Procurement 
S-108 Hard Heel Rmvl Design & Engineering 
S-108 Hard Heel Rmvl Installation 
S-108 Hard Heel Rmvl Operations 
S- 109 Retrieval Project Management 
S-109 Retrieval Design 
S-109 Engineering Support 
S- 109 Retrieval Procurement 
S- 109 Retrieval System Installation 
S-109 Retrieval Startup and Readiness 
S-109 Retrieval Operations (MS) 
S-109 Retrieval - Equipment Removal for 
Sampling 
S-109 Post-Retrieval Sampling & Analysis 
S-109 Retrieval Data Report 
S-109 Hard Heel Rmvl Procurement 
S-109 Hard Heel Rmvl Design & Engineering 
S-109 Hard Heel Rmvl Installation 
S-109 Hard Heel Rmvl Operations 
S-111 Retrieval Project Management 
S-111 Retrieval Design 
S-111 Engineering Support 
S-111 Retrieval Procurement 
S-111 Retrieval System Installation 
S-111 Retrieval Startup and Readiness 
S-111 Retrieval Operations (MS) 
S- 1 11 Retrieval - Equipment Removal for 
Sampling 
support 
support 
support 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,566 
$472 
$1,179 
$1,860 
$4,061 
$736 
$2,706 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,848 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,910 
$234 
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Thousands of 
Dollars 
$599 
$148 
$1,088 
WBS Lvl6 
5.08.07.0 1.1 1.07 
5.08.07.01.1 1.08 
5.08.07.0 1.1 1.09 
5.08.07.0 1.1 1.09 
5.08.07.0 1.1 1.09 
5.08.07.0 1.1 1.09 
5.08.07.01.13.01 
5.08.07.01.13.02 
5.08.07.01.13.03 
5.08.07.01.13.04 
5.08.07.01.13.04 
5.08.07.01.13.05 
5.08.07.01.13.06 
5.08.07.01.14.08 
5.08.07.06.02.01 
5.08.07.06.02.02 
5.08.07.06.02.02 
5.08.07.06.02.03 
5.08.07.06.02.04 
5.08.07.06.02.05 
5.08.07.06.02.06 
5.08.07.06.02.06 
5.08.07.06.02.07 
5.08.07.06.02.08 
5.08.07.06.02.09 
5.08.07.06.02.09 
5.08.07.06.02.09 
5.08.07.06.02.09 
5.08.07.06.03.01 
5.08.07.06.03.02 
5.08.07.06.03.02 
5.08.07.06.03.03 
5.08.07.06.03.04 
5.08.07.06.03.05 
5.08.07.06.03.06 
5.08.07.06.03.06 
5.08.07.06.03.07 
5.08.07.06.03.08 
5.08.07.06.03.09 
5.08.07.06.03.09 
5.08.07.06.03.09 
Activity Name 
S-111 Post-Retrieval Sampling & Analysis 
S- 1 11 Retrieval Data Report 
S-111 Hard Heel Rmvl Procurement 
S-111 Hard Heel Rmvl Design & Engineering 
S-111 Hard Heel Rmvl Installation 
S-111 Hard Heel Rmvl Operations 
S Farm Infrastructure Project Mgmt 
S Farm Infrastructure Final Design 
S Farm Infrastructure Procurement 
S Farm Infrastructure Construction - FY06 
S Farm Infrastructure Construction 
S Farm Infrastructure Startup/Readiness 
S Farm Infrastructure Equipment Removal 
Replace S-Ato SY-101 HIHTL 
U- 102 Retrieval Project Management 
U- 102 Retrieval Design 
U-102 Engineering Support 
U- 102 Retrieval Procurement 
U- 102 Retrieval System Installation 
U-102 Retrieval Startup and Readiness 
U- 102 Retrieval Operations (MS) 
U- 102 Retrieval - Equipment Removal for 
Sampling 
U- 102 Post-Retrieval Sampling & Analysis 
U- 102 Retrieval Data Report 
U-102 Hard Heel Rmvl Procurement 
U-102 Hard Heel Rmvl Design & Engineering 
U-102 Hard Heel Rmvl Installation 
U-102 Hard Heel Rmvl Operations 
U- 103 Retrieval Project Management 
U- 103 Retrieval Design 
U-103 Engineering Support 
U- 103 Retrieval Procurement 
U- 103 Retrieval System Installation 
U-103 Retrieval Startup and Readiness 
U- 103 Retrieval Operations (MS) 
U- 103 Retrieval - Equipment Removal for 
Sampling 
U- 103 Post-Retrieval Sampling & Analysis 
U- 103 Retrieval Data Report 
U-103 Hard Heel Rmvl Procurement 
U-103 Hard Heel Rmvl Design & Engineering 
U-103 Hard Heel Rmvl Installation 
support 
support 
support 
$816 
$1,464 
$1,481 
$715 
$1,398 
$2,659 
$184 
$2,375 
$331 
$257 
$1,134 
$3,021 
$813 
$1,484 
$2,251 
$4,093 
$736 
$4,648 
$234 
$599 
$185 
$1,088 
$816 
$1,464 
$1,481 
$3,192 
$472 
$1,179 
$1,860 
$4,061 
$736 
$5,376 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
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Thousands of 
Dollars 
$1,481 
$472 
$1,179 
$4,061 
$736 
$4,388 
$234 
$2,96 1 
$1,860 
$599 
$148 
$1,088 
WBS Lvl6 
5.08.07.06.03.09 
5.08.07.06.07.11 
5.08.07.06.07.11 
5.08.07.06.07.13 
5.08.07.06.07.15 
5.08.07.06.07.15 
5.08.07.06.07.15 
5.08.07.06.07.19 
5.08.07.06.07.24 
5.08.07.06.07.25 
5.08.07.06.07.26 
5.08.07.06.07.27 
5.08.07.06.07.27 
5.08.07.06.07.27 
5.08.07.06.07.27 
5.08.07.06.08.01 
5.08.07.06.08.02 
5.08.07.06.08.02 
5.08.07.06.08.03 
5.08.07.06.08.04 
5.08.07.06.08.05 
5.08.07.06.08.06 
5.08.07.06.08.06 
5.08.07.06.08.07 
5.08.07.06.08.08 
5.08.07.06.08.09 
5.08.07.06.08.09 
5.08.07.06.08.09 
5.08.07.06.08.09 
5.08.07.06.09.01 
5.08.07.06.09.02 
5.08.07.06.09.02 
5.08.07.06.09.03 
5.08.07.06.09.04 
5.08.07.06.09.05 
5.08.07.06.09.06 
5.08.07.06.09.06 
5.08.07.06.09.07 
5.08.07.06.09.08 
5.08.07.06.09.09 
5.08.07.06.09.09 
Activity Name 
U-103 Hard Heel Rmvl Operations 
U- 107 Retrieval Design 
U-107 Engineering Support 
U- 107 Retrieval System Installation 
U- 107 Retrieval Startup & Readiness 
U- 107 Retrieval Operations (MS) 
U- 107 Retrieval - Equipment Removal for 
Sampling 
U- 107 Retrieval Project Management 
U- 107 Retrieval Equipment Procurement 
U- 107 Post-Retrieval Sampling & Analysis 
U- 107 Retrieval Data Report 
U-107 Hard Heel Rmvl Procurement 
U-107 Hard Heel Rmvl Design & Engineering 
U-107 Hard Heel Rmvl Installation 
U-107 Hard Heel Rmvl Operations 
U-108 Retrieval Project Management 
U-108 Retrieval Design 
U-108 Engineering Support 
U- 108 Retrieval Procurement 
U- 108 Retrieval System Installation 
U-108 Retrieval Startup and Readiness 
U- 108 Retrieval Operations (MS) 
U- 108 Retrieval - Equipment Removal for 
Sampling 
U- 108 Post-Retrieval Sampling & Analysis 
U- 108 Retrieval Data Report 
U-108 Hard Heel Rmvl Procurement 
U-108 Hard Heel Rmvl Design & Engineering 
U-108 Hard Heel Rmvl Installation 
U-108 Hard Heel Rmvl Operations 
U- 109 Retrieval Project Management 
U- 109 Retrieval Design 
U-109 Engineering Support 
U- 109 Retrieval Procurement 
U- 109 Retrieval System Installation 
U-109 Retrieval Startup and Readiness 
U- 109 Retrieval Operations (MS) 
U- 109 Retrieval - Equipment Removal for 
Sampling 
U- 109 Post-Retrieval Sampling & Analysis 
U- 109 Retrieval Data Report 
U-109 Hard Heel Rmvl Procurement 
U-109 Hard Heel Rmvl Design & Engineering 
support 
support 
$816 
$1,464 
$1,481 
$3,226 
$472 
$1,179 
$1,860 
$4,061 
$736 
$5,522 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$3,173 
$472 
$1,179 
$1,860 
$4,061 
$736 
$5,295 
$234 
$599 
$148 
$1,088 
$816 
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Thousands of 
Dollars 
$1,464 
$1,481 
$715 
$1,398 
$2,659 
$2,375 
$331 
$257 
$5,513 
$5,513 
$267,813 
WBS Lvl6 Activity Name 
5.08.07.06.09.09 
5.08.07.06.09.09 
5.08.07.06.17.01 
5.08.07.06.17.02 
5.08.07.06.17.03 
5.08.07.06.17.04 
5.08.07.06.17.05 
5.08.07.06.17.07 
5.08.09.01.01.05 
5.08.09.01.02.05 
support 
U-109 Hard Heel Rmvl Installation 
U-109 Hard Heel Rmvl Operations 
U Farm Infrastructure Project Mgmt 
U Farm Infrastructure Final Design 
U Farm Infrastructure Procurement 
U Farm Infrastructure Construction 
U Farm Infrastructure Startup/Readiness 
U Farm Infrastructure Equipment Removal 
SY-101 Hard Heel Retrieval 
SY-102 Hard Heel Retrieval 
Total 
Table G-3. Cost of Low 99Tc Feed Tanks. 
WBS Lvl6 Activity Name 
5.08.05.07.01.01 
5.08.06.03.01.01 
5.08.06.03.01.02 
5.08.06.03.01.02 
5.08.06.03.01.03 
5.08.06.03.01.04 
5.08.06.03.01.05 
5.08.06.03.01.06 
5.08.06.03.01.06 
5.08.06.03.01.07 
5.08.06.03.01.08 
5.08.06.03.02.01 
5.08.06.03.02.02 
5.08.06.03.02.02 
5.08.06.03.02.03 
5.08.06.03.02.04 
5.08.06.03.02.05 
5.08.06.03.02.06 
5.08.06.03.02.06 
5.08.06.03.02.07 
5.08.06.03.02.08 
5.08.06.03.03.01 
5.08.06.03.03.02 
5.08.06.03.03.02 
5.08.06.03.03.03 
5.08.06.03.03.04 
Waste Receiver Facility Dsn/Const - (B- 
Complex) 
B- 101 Retrieval Project Management 
B- 10 1 Retrieval Design 
B-101 Engineering Support 
B- 101 Retrieval Procurement 
B- 10 1 Retrieval System Installation 
B-101 Retrieval Startup and Readiness 
B-101 Retrieval Operations (MRS) 
B- 10 1 Retrieval - Equipment Removal for 
Sampling 
B-101 Post-Retrieval Sampling & Analysis 
B- 10 1 Retrieval Data Report 
B- 102 Retrieval Project Management 
B-102 Retrieval Design 
B-102 Engineering Support 
B- 102 Retrieval Procurement 
B-102 Retrieval System Installation 
B-102 Retrieval Startup and Readiness 
B-102 Retrieval Operations (MS) 
B-102 Retrieval - Equipment Removal for 
Sampling 
B-102 Post-Retrieval Sampling & Analysis 
B-102 Retrieval Data Report 
B- 103 Retrieval Project Management 
B-103 Retrieval Design 
B-103 Engineering Support 
B- 103 Retrieval Procurement 
B-103 Retrieval System Installation 
Thousands of 
Dollars 
$95,998 
$2,466 
$1,389 
$1,613 
$6,440 
$6,013 
$674 
$1,889 
$234 
$599 
$185 
$2,012 
$813 
$1,484 
$2,25 1 
$4,093 
$736 
$1,842 
$234 
$599 
$185 
$2,408 
$760 
$1,313 
$5,022 
$5,934 
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$674 
$1,603 
$234 
$599 
$148 
$2,706 
$760 
$1,313 
$5,022 
$674 
$2,866 
$5,934 
WBS Lvl6 Activity Name 
5.08.06.03.03.05 
5.08.06.03.03.06 
5.08.06.03.03.06 
5.08.06.03.03.07 
5.08.06.03.03.08 
5.08.06.03.05.01 
5.08.06.03.05.02 
5.08.06.03.05.02 
5.08.06.03.05.03 
5.08.06.03.05.04 
5.08.06.03.05.05 
5.08.06.03.05.06 
5.08.06.03.05.06 
5.08.06.03.05.07 
5.08.06.03.05.08 
5.08.06.03.08.01 
5.08.06.03.08.02 
5.08.06.03.08.02 
5.08.06.03.08.03 
5.08.06.03.08.04 
5.08.06.03.08.05 
5.08.06.03.08.06 
5.08.06.03.08.06 
5.08.06.03.08.07 
5.08.06.03.08.08 
5.08.06.03.08.09 
5.08.06.03.08.09 
5.08.06.03.08.09 
5.08.06.03.08.09 
5.08.06.03.09.01 
5.08.06.03.09.02 
5.08.06.03.09.02 
5.08.06.03.09.03 
5.08.06.03.09.04 
5.08.06.03.09.05 
5.08.06.03.09.06 
5.08.06.03.09.06 
5.08.06.03.09.07 
5.08.06.03.09.08 
5.08.06.03.09.09 
5.08.06.03.09.09 
B-103 Retrieval Startup and Readiness 
B- 103 Retrieval Operations (MRS) 
B-103 Retrieval - Equipment Removal for 
Sampling 
B-103 Post-Retrieval Sampling & Analysis 
B-103 Retrieval Data Report 
B- 105 Retrieval Project Management 
B-105 Retrieval Design 
B-105 Engineering Support 
B- 105 Retrieval Procurement 
B-105 Retrieval System Installation 
B-105 Retrieval Startup and Readiness 
B-105 Retrieval Operations (MRS) 
B-105 Retrieval - Equipment Removal for 
Sampling 
B-105 Post-Retrieval Sampling & Analysis 
B-105 Retrieval Data Report 
B- 108 Retrieval Project Management 
B-108 Retrieval Design 
B-108 Engineering Support 
B- 108 Retrieval Procurement 
B-108 Retrieval System Installation 
B-108 Retrieval Startup and Readiness 
B-108 Retrieval Operations (MS) 
B-108 Retrieval - Equipment Removal for 
Sampling 
B-108 Post-Retrieval Sampling & Analysis 
B-108 Retrieval Data Report 
B-108 Hard Heel Rmvl Procurement 
B-108 Hard Heel Rmvl Design & Engineering 
B-108 Hard Heel Rmvl Installation 
B-108 Hard Heel Rmvl Operations 
B- 109 Retrieval Project Management 
B-109 Retrieval Design 
B-109 Engineering Support 
B- 109 Retrieval Procurement 
B-109 Retrieval System Installation 
B-109 Retrieval Startup and Readiness 
B-109 Retrieval Operations (MS) 
B-109 Retrieval - Equipment Removal for 
Sampling 
B-109 Post-Retrieval Sampling & Analysis 
B-109 Retrieval Data Report 
B-109 Hard Heel Rmvl Procurement 
B-109 Hard Heel Rmvl Design & Engineering 
support 
$234 
$599 
$148 
$2,445 
$472 
$1,179 
$1,860 
$4,061 
$736 
$2,187 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,486 
$472 
$1,179 
$1,860 
$4,061 
$736 
$2,366 
$234 
$599 
$148 
$1,088 
$816 
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Thousands of 
Dollars 
WBS Lvl6 
5.08.06.03.09.09 
5.08.06.03.09.09 
5.08.06.03.17.01 
5.08.06.03.17.02 
5.08.06.03.17.03 
5.08.06.03.17.04 
5.08.06.03.17.05 
5.08.06.03.17.06 
5.08.06.05.01.01 
5.08.06.05.01.02 
5.08.06.05.01.02 
5.08.06.05.01.03 
5.08.06.05.01.04 
5.08.06.05.01.05 
5.08.06.05.01.06 
5.08.06.05.01.06 
5.08.06.05.01.07 
5.08.06.05.01.08 
5.08.06.05.01.09 
5.08.06.05.01.09 
5.08.06.05.01.09 
5.08.06.05.01.09 
5.08.06.05.02.01 
5.08.06.05.02.02 
5.08.06.05.02.02 
5.08.06.05.02.03 
5.08.06.05.02.04 
5.08.06.05.02.05 
5.08.06.05.02.06 
5.08.06.05.02.06 
5.08.06.05.02.07 
5.08.06.05.02.08 
5.08.06.05.03.01 
5.08.06.05.03.02 
5.08.06.05.03.02 
5.08.06.05.03.03 
5.08.06.05.03.04 
5.08.06.05.03.05 
5.08.06.05.03.06 
5.08.06.05.03.06 
5.08.06.05.03.07 
Activity Name 
support 
B-109 Hard Heel Rmvl Installation 
B-109 Hard Heel Rmvl Operations 
B Farm Infrastructure Project Mgmt 
B Farm Infrastructure Final Design 
B Farm Infrastructure Procurement 
B Farm Infrastructure Construction 
B Farm Infrastructure Startup/Readiness 
B Farm Infrastructure Equipment Removal 
BY-101 Retrieval Project Management 
BY-101 Retrieval Design 
BY-101 Engineering Support 
BY-101 Retrieval Procurement 
BY-101 Retrieval System Installation 
BY-101 Retrieval Startup and Readiness 
BY-101 Retrieval Operations (MS) 
BY-101 Retrieval - Equipment Removal for 
Sampling 
BY-101 Post-Retrieval Sampling & Analysis 
BY-101 Retrieval Data Report 
BY-101 Hard Heel Rmvl Procurement 
BY-101 Hard Heel Rmvl Design & Engineering 
BY-101 Hard Heel Rmvl Installation 
BY-101 Hard Heel Rmvl Operations 
BY-102 Retrieval Project Management 
BY-102 Retrieval Design 
BY-102 Engineering Support 
BY- 102 Retrieval Procurement 
BY-102 Retrieval System Installation 
BY-102 Retrieval Startup and Readiness 
BY-102 Retrieval Operations (MS) 
BY-102 Retrieval - Equipment Removal for 
Sampling 
BY-102 Post-Retrieval Sampling & Analysis 
BY-102 Retrieval Data Report 
BY-103 Retrieval Project Management 
BY-103 Retrieval Design 
BY-103 Engineering Support 
BY- 103 Retrieval Procurement 
BY-103 Retrieval System Installation 
BY-103 Retrieval Startup and Readiness 
BY-103 Retrieval Operations (MRS) 
BY-103 Retrieval - Equipment Removal for 
Sampling 
BY-103 Post-Retrieval Sampling & Analysis 
support 
$1,464 
$1,481 
$715 
$1,398 
$2,659 
$2,375 
$331 
$257 
$2,796 
$813 
$1,484 
$2,25 1 
$4,093 
$736 
$3,688 
$234 
$599 
$185 
$1,088 
$816 
$1,464 
$1,481 
$2,339 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,197 
$234 
$599 
$148 
$2,856 
$1,389 
$1,613 
$6,440 
$6,013 
$674 
$3,552 
$234 
$599 
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Thousands of 
Dollars 
$185 
$2,781 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,623 
WBS Lvl6 Activity Name 
5.08.06.05.03.08 
5.08.06.05.04.01 
5.08.06.05.04.02 
5.08.06.05.04.02 
5.08.06.05.04.03 
5.08.06.05.04.04 
5.08.06.05.04.05 
5.08.06.05.04.06 
5.08.06.05.04.06 
5.08.06.05.04.07 
5.08.06.05.04.08 
5.08.06.05.04.09 
5.08.06.05.04.09 
5.08.06.05.04.09 
5.08.06.05.04.09 
5.08.06.05.05.01 
5.08.06.05.05.02 
5.08.06.05.05.02 
5.08.06.05.05.03 
5.08.06.05.05.04 
5.08.06.05.05.05 
5.08.06.05.05.06 
5.08.06.05.05.06 
5.08.06.05.05.07 
5.08.06.05.05.08 
5.08.06.05.06.01 
5.08.06.05.06.02 
5.08.06.05.06.02 
5.08.06.05.06.03 
5.08.06.05.06.04 
5.08.06.05.06.05 
5.08.06.05.06.06 
5.08.06.05.06.06 
5.08.06.05.06.07 
5.08.06.05.06.08 
5.08.06.05.07.01 
5.08.06.05.07.02 
5.08.06.05.07.02 
5.08.06.05.07.03 
5.08.06.05.07.04 
5.08.06.05.07.05 
5.08.06.05.07.06 
BY-103 Retrieval Data Report 
BY-104 Retrieval Project Management 
BY-104 Retrieval Design 
BY-104 Engineering Support 
BY- 104 Retrieval Procurement 
BY-104 Retrieval System Installation 
BY-104 Retrieval Startup and Readiness 
BY-104 Retrieval Operations (MS) 
BY-104 Retrieval - Equipment Removal for 
Sampling 
BY-104 Post-Retrieval Sampling & Analysis 
BY-104 Retrieval Data Report 
BY-104 Hard Heel Rmvl Procurement 
BY-104 Hard Heel Rmvl Design & Engineering 
BY-104 Hard Heel Rmvl Installation 
BY-104 Hard Heel Rmvl Operations 
BY-105 Retrieval Project Management 
BY-105 Retrieval Design 
BY-105 Engineering Support 
BY-105 Retrieval Procurement 
BY-105 Retrieval System Installation 
BY-105 Retrieval Startup and Readiness 
BY-105 Retrieval Operations (MRS) 
BY-105 Retrieval - Equipment Removal for 
Sampling 
BY-105 Post-Retrieval Sampling & Analysis 
BY-105 Retrieval Data Report 
BY-106 Retrieval Project Management 
BY-106 Retrieval Design 
BY-106 Engineering Support 
BY- 106 Retrieval Procurement 
BY-106 Retrieval System Installation 
BY-106 Retrieval Startup and Readiness 
BY-106 Retrieval Operations (MRS) 
BY-106 Retrieval - Equipment Removal for 
Sampling 
BY-106 Post-Retrieval Sampling & Analysis 
BY-106 Retrieval Data Report 
BY-107 Retrieval Project Management 
BY-107 Retrieval Design 
BY-107 Engineering Support 
BY- 107 Retrieval Procurement 
BY-107 Retrieval System Installation 
BY-107 Retrieval Startup and Readiness 
BY-107 Retrieval Operations (MRS) 
support 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,948 
$760 
$1,313 
$5,022 
$674 
$3,897 
$234 
$599 
$148 
$2,924 
$760 
$1,313 
$5,022 
$674 
$5,934 
$5,934 
$3,795 
$234 
$599 
$148 
$2,683 
$760 
$1,313 
$5,022 
$674 
$2,769 
$5,934 
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WBS Lvl6 
5.08.06.05.07.06 
5.08.06.05.07.07 
5.08.06.05.07.08 
5.08.06.05.10.01 
5.08.06.05.10.02 
5.08.06.05.10.02 
5.08.06.05.10.03 
5.08.06.05.10.04 
5.08.06.05.10.05 
5.08.06.05.10.06 
5.08.06.05.10.06 
5.08.06.05.10.07 
5.08.06.05.10.08 
5.08.06.05.10.09 
5.08.06.05.10.09 
5.08.06.05.10.09 
5.08.06.05.10.09 
5.08.06.05.1 1.01 
5.08.06.05.1 1.02 
5.08.06.05.11.02 
5.08.06.05.1 1.03 
5.08.06.05.11.04 
5.08.06.05.11.05 
5.08.06.05.11.06 
5.08.06.05.1 1.06 
5.08.06.05.1 1.07 
5.08.06.05.11.08 
5.08.06.05.12.01 
5.08.06.05.12.02 
5.08.06.05.12.02 
5.08.06.05.12.03 
5.08.06.05.12.04 
5.08.06.05.12.05 
5.08.06.05.12.06 
5.08.06.05.12.06 
5.08.06.05.12.07 
5.08.06.05.12.08 
5.08.06.05.13.01 
5.08.06.05.13.02 
5.08.06.05.13.03 
5.08.06.05.13.04 
Activity Name 
BY-107 Retrieval - Equipment Removal for 
Sampling 
BY-107 Post-Retrieval Sampling & Analysis 
BY-107 Retrieval Data Report 
BY-1 10 Retrieval Project Management 
BY-1 10 Retrieval Design 
BY-1 10 Engineering Support 
BY-1 10 Retrieval Procurement 
BY-1 10 Retrieval System Installation 
BY-1 10 Retrieval Startup and Readiness 
BY-1 10 Retrieval Operations (MS) 
BY-1 10 Retrieval - Equipment Removal for 
Sampling 
BY-1 10 Post-Retrieval Sampling & Analysis 
BY-1 10 Retrieval Data Report 
BY-1 10 Hard Heel Rmvl Procurement 
BY-1 10 Hard Heel Rmvl Design & Engineering 
BY-1 10 Hard Heel Rmvl Installation 
BY-1 10 Hard Heel Rmvl Operations 
BY-1 11 Retrieval Project Management 
BY-1 11 Retrieval Design 
BY- 1 11 Engineering Support 
BY- 11 1 Retrieval Procurement 
BY-1 11 Retrieval System Installation 
BY-1 11 Retrieval Startup and Readiness 
BY-1 11 Retrieval Operations (MS) 
BY- 11 1 Retrieval - Equipment Removal for 
Sampling 
BY-1 11 Post-Retrieval Sampling & Analysis 
BY- 11 1 Retrieval Data Report 
BY-1 12 Retrieval Project Management 
BY-1 12 Retrieval Design 
BY-1 12 Engineering Support 
BY-1 12 Retrieval Procurement 
BY-1 12 Retrieval System Installation 
BY-1 12 Retrieval Startup and Readiness 
BY-1 12 Retrieval Operations (MS) 
BY-1 12 Retrieval - Equipment Removal for 
Sampling 
BY-1 12 Post-Retrieval Sampling & Analysis 
BY-1 12 Retrieval Data Report 
BY Farm Infrastructure Project Mgmt 
BY Farm Infrastructure Final Design 
BY Farm Infrastructure Procurement 
BY Farm Infrastructure Construction 
support 
$234 
$599 
$148 
$2,766 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,559 
$234 
$599 
$148 
$1,088 
$816 
$1,464 
$1,481 
$2,367 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,316 
$234 
$599 
$148 
$2,348 
$472 
$1,179 
$1,860 
$4,061 
$736 
$3,235 
$234 
$599 
$148 
$715 
$1,398 
$2,659 
$2,375 
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$331 
$257 
$417,956 
WBS Lvl6 Activity Name 
5.08.06.05.13.05 BY Farm Infrastructure Startup/Readiness 
5.08.06.05.13.06 BY Farm Infrastructure Equipment Removal 
Total 
G2.0 ESTIMATING METHODOLOGY 
The technical basis and required facility modifications for each approach is identified in 
Appendices B through F of this report. The cost estimate was developed by quantifying the 
material, equipment and labor required to implement the systems and facilities identified in the 
technical basis. The cost for materials, labor hours and rates are based on recent experience with 
design, procurement and installation of projects currently in process or completed in the recent 
past at the Tank Farms. The operating costs are estimated as the incremental increase above the 
current Tank Farms Baseline cost estimate. 
The cost estimate is grouped into the following elements for estimating ease and cost 
summarization: 
. 
. 
. 
Project Management 
DesigdEngineering 
Construction 
Start Up 
Operations 
Other Project Costs 
Facility Decommissioning 
Contingency 
Escalation. 
The following sections present the basis used to develop the individual elements of the cost 
estimate. A summary of the cost estimates are shown in Table G-4. 
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Grout Appmacher Recycle Appmacher Removal Approaches 
Preqroject cortr 
Research & Technology 
Conceptual Design 
Permlttlng 
Subtotal Pre- m'ect 700 800 
Pmject Management 
Propct Management 1,600 1,700 
Subtotal Project Management 1,600 1,700 
pmject support 
Engineenng Suppolt 1,000 1,000 
Subtotal Project Suppolt 1,000 1,000 
I
2,000 2,000  2,000 2,000 
1,600 1,600 
EngineeHng -Design 
Title I Engineenng 
Title I1 Engineering 
Title I l l  Engineering 100 100 200 
Subtotal EngineeHng -Design 400 800 1,200 2,100 
I 
conrtluction 
construct,on 1,200 2,300 
Construction Manauement 200 200 
construct,on suppolt 200 200 
Subtotal Conrtluction 1,600 2,700 
startup & commirrioning 
staltup & comm,ss,on,ng -1 total Stat" & commirrionin 
ooerationr 
Pre~operatlons 1,700 1,500 
operat,ons 8,300 7,600 
Subtotal Operations 10,000 9,100 
D&D 
D&D 0 0 
I Subtotal D&DI 0 0 
I 
1,000 4,200 
1,300 4,900 
4,800 6,200 
200 400 
5,200 6.800 
300 
300 300 
4,500 3,500 
1,100 p7 1,100 
9,200 12.100 
5,900 7,300 
Total Lifecycle Cor 10.500 34 33,600 
1,500 1,600 
4 200 
4,600 I 4,600 4,800 4,800 
4,600 4,600 4.800 4.800 I 
2,60011 3,200 3,600 3,6001 
3,200 2,600 3,600 3,600 
1,000 1,000 I I 6,300 00 6,3111; 1 
15,500 15,500 1,400 00 1,40000 
500 00 500 00 50000 50000 
17,000 17,000 8.200 
800 800 I I 
800 ;;;I 800 800 
2,700 2,70011 3,100 3,1001 
13,300 13,300 15,200 15,300 
16,000 16,000 18.300 18.400 
3;, 0 1 1 4;, 0 2;,0 _in, ~ 4,300 3,600 2,900 2,200 74 100 69 60  58600 51 700 
35,600 33,300 29,300 25.800 
22,600 21,200 18.700 16,700 
132,300 124,100 106,600 94,200 
G3.0 KEY ASSUMPTIONS 
The following assumptions were used to complete the estimates: 
. The facility modifications and operations of these approaches are not in the 
current ETF or Tank Farm Baselines. 
. 
. 
Field work at ETF and inside the Tank Farms will be completed using current 
procedures and practices. 
After startup the facilities will operate on a continuous basis, 24 hours per day, 7 
days per week for five years. 
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. The design life of the major pieces of operating equipment is longer than the 
expected years of operations so no equipment replacement costs are included in 
the cost estimates for operations. 
G4.0 PROJECT MANAGEMENT 
Project Management is the incremental increase for the specific project management and project 
management support required for each approach from the project inception to the start up of the 
facility. The cost estimates include both the cost of the Hanford Site personnel and subcontracted 
services. The estimated cost is based on a consistent level of staffing from the beginning of the 
project through startup. The management costs after startup are included in the operating cost. 
The cost estimates do not include any incremental increase to the overall site management. 
G5.0 ENGINEERING/DESIGN 
The Engineering/Design includes Title I and Title I1 Design and Title I11 Engineering during 
construction. EngineerindDesign also includes Engineering Support which provides the Project 
Manager with supporting functions such as design reviews and environmental, safety and health 
support. The basis for the Engineering/Design Cost Estimate is a combination of identifying the 
labor required to provide the needed support and percentages of construction and material costs 
from previous experience. 
G6.0 PROCUREMENT 
Procurement includes procurement of the major equipment, significant fabricated items and 
procurement support. The equipment and significant items of fabrication were determined from 
the available preliminary design information. Prices for equipment and fabricated items were 
obtained from suppliers and recent construction at the Tank Farms. The cost estimates for 
procurement support was developed using the staffing for similar activities recently completed at 
the Tank Farms. 
G7.0 CONSTRUCTION 
Construction includes procurement of the minor materials and equipment, field construction, 
equipment installation, construction management and construction support. The quantities of 
materials and equipment were determined from the available preliminary design information. 
Prices for materials and equipment were obtained from equipment suppliers and recent 
construction at the Tank Farms. Field construction and installation costs are based on recent 
Tank Farm experience on similar facilities. The cost estimates for procurement support, 
construction management and construction support were developed using the staffing for similar 
projects recently completed at the Tank Farms. 
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New Evaporator Building Cost for Approaches 4a and 4b 
The difference between Approach 4a and 4b is the type of building required to house the process 
equipment. The building has a footprint that is 118’ by 133’ or 15,694 square foot. About 56% 
ofthe building square footage has a 12’ wall height: 
The offices, lunchroom, change rooms, and storage space are in this portion of the 
building. 
For both Approaches the construction is an industrial metal building or concrete tilt-wall 
construction. 
The remainder of the facility houses the evaporator and process equipment. 
For Approach 4a the estimate is based on the walls constructed of cast in place concrete 
1’ or 2’ thick. 
For Approach 4b the estimate is based on the masonry walls 
For Approach 4a the building cost is $7.4 million which is 45% of the total construction cost. 
For Approach 4b the building cost is $4.4 million which is 32% of the total construction cost. 
The remainder of the construction cost is associated with transfer lines, recirculation system and 
evaporator equipment installation which is the same for both Approaches. For both approaches, 
the single level space is estimated at $180 per square foot. For Approach 4a the high-bay space 
is estimated at $842 per square foot. For Approach 4a the high-bay space is estimated at $400 
per square foot. 
G8.0 STARTUP 
The estimated cost of startup is based on the number of systems included in the startup and the 
complexity of the systems including the number of procedures and the amount of training 
required. Startup includes both Hanford Site labor and subcontracted services to perform the 
following tasks: 
. Develop, review and approve a plan for the facility/system startup. 
. 
. 
Develop, review and approve an operational readiness review or readiness 
assessment. 
Develop or revise the operating procedures 
Develop the needed training material and train the trainer. Operator training is 
included in the operations. 
Conduct the system tests in accordance with the test plan 
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G9.0 OPERATIONS 
The cost estimate for operations is the incremental cost above the current ETF and Tank Farm 
baseline operations on an annual basis. The cost estimates are based on one year of training 
followed by five years of operations. Operations is the incremental increase associated with 
operating, maintaining and managing the additional systems installed but does not include 
additional administrative oversight. The specific scope of the operations function includes shift 
operations personnel other personnel that support shift operations (radiological control, 
engineers, planners, craft personnel, and necessary supplies and consumables), and sampling and 
analysis. 
The specific scope of the maintenance function includes the activities necessary to maintain 
operable equipment in a calibrated and functionally tested condition to be compliant with 
authorization bases, regulatory requirements and to support plant operation. This includes 
preventive maintenance and calibration work packages, planning, scheduling, and setup of 
preventive maintenance activities, work package preparation and approval for work. The scope 
includes labor for the pre-job meetings, performance of preventive maintenance, and post- 
maintenance testing. 
The operating cost for Approach l a  includes $106,000 annually for consumables, $100,000 for 
sample analysis, 3 additional people per shift for operating and maintaining the cementation 
system, and 2 drivers on the day shift for transporting the product to IDF. 
The operating cost for Approach lb  includes $40,000 annually for consumables, $100,000 for 
sample analysis, 3 additional people per shift for operating and maintaining the cementation 
system and recycle system, and a driver on the day shift for transporting the product to IDF. 
Waste Disposal at IDF 
. Approach l a  and l b  dispose of cemented waste at IDF 
. The cost estimates include this cost 
. The basis for the disposal cost is: 
- IDF operating costs are in the Baseline 
IDF project cost at completion of $22,381,000 
IDF has a capacity of 21 1,000 cubic yards 
Therefore, a value of $106.07 per cubic yard was used as a capacity 
replacement cost. 
- 
- 
- 
. Approach l a  ships 10 3ft3 blocks (1.1 1 cy) every 2 days 
- 183 shipments per year at l . l l c y  times $106.07/cy =$21,546 annually 
133 
RPP-RPT-37924, Rev. 0 
. Approach l b  ships 10 3ft3 blocks (1.11 cy) each week 
- 52 shipments per year at 1.1 Icy times $106.07/cy =$6,122 annually. 
The operating cost for Approach 2a includes $40,000 annually for consumables, $250,000 for 
sample analysis, 1 additional person per shift for operating and maintaining the transport load 
and unload stations, and 2 drivers on the day shift for transporting the brine to the tank farms. 
The operating cost for Approach 2b includes $20,000 annually for consumables, $250,000 for 
sample analysis, and 1 additional person per shift for operating and maintaining the recycle 
system and transfer line. 
The operating cost for Approach 3 provides for the incremental increase for two evaporator 
campaigns per year above the base operating and maintenance costs and baseline campaigns for 
the 242-A Evaporator. The operating cost estimate includes $450,000 annually for consumables, 
$480,000 for sample analysis, $75,000 for subcontracted steam, and the additional personnel to 
operate and maintaining the evaporator for the additional two campaigns per year. 
The operating cost for Approach 4a and 4b are the same. They provide for the operation and 
maintenance of a new evaporator facility. 
The operating cost for Approach 5a and 5b are the same. They provide for the operation and 
maintenance of a new ion exchange system. 
G1O.O OTHER PROJECT COSTS 
Other project costs include the cost for preliminary design, process development including pilot 
testing, environmental permitting for the required modifications and the incremental increase in 
Tank Farm Contractor fee. The cost estimate is based on recent experience on similar projects at 
the Tank Farms. 
G1l.O FACILITY DECOMMISSIONING 
The estimated cost for facility decommissioning is based on the decommissioning of similar 
facilities at DOE sites. Decommissioning includes: 
. Characterization: The up front scoping and reconnaissance level characterization 
Decontamination: The removal of radioactivity decontamination from the facility. 
Decommissioning: The dismantlement and stabilization of piping, ducts, process 
and the in process characterization requirements. 
. 
. 
systems, tanks, etc. The removal of materials, equipment and fixtures within a 
facility are part of decommissioning. 
. Demolition/Disposal: The removal of facilities and systems. Demolition includes 
loading debris and waste into containers. Facilities are removed to the extent 
required by the site Closure Plan. 
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Closure: The regulatory paperwork required to achieve closure including any 
required cap, site grading, planting etc. 
Project Management: The oversight and management of the specific closure task. 
G12.0 CONTINGENCY 
In accordance with DOE 430.1-1, CostEstirnating Guide, contingency is the amount budgeted to 
cover costs that may result from incomplete design, unforeseen and unpredictable conditions or 
uncertainties. The amount of contingency depends on the status of design, procurement and 
construction plus the complexity and uncertainty of the component parts of the project. 
The overall percentage of contingency included in the estimate is 50% of Project Management, 
Engineering/Design, Construction, Startup, Operations Other Project Costs and Facility 
Decommissioning. 
G13.0 ESCALATION 
The cost estimate is based on FY 2008 dollars. An escalation rate of 2.4% per year compounded 
is included to adjust the out year estimates. 
G14.0 COST ESTIMATE DETAILS 
Details of each cost estimate are provided in Tables G-5 through G-13 for Approaches la, lb, 2a, 
2b, 3, 4a, 4b, 5a, and 5b, respectively. This section provides cost estimate summary and details 
for the nine Approaches. For each Approach there is a profile of the funding required by year to 
complete the Approach followed by the detailed cost estimate. 
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Table G-5. Approach l a  Cost Estimate. 
Table begins on next page. 
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Cost Estimate 
Title: IPS ZKI Waste Treatment Rolea Apprmch laCmcsnlraWsm*nl at ETF (40,000 ppm CI ~n &#ne) 
Enimam ~obwiiiimson Dale: 6 2 0 0 8  
Ea No: 2179-Opt le @ CH2MHILL 
Hanlofd GfmD. InC 
I O  I LS 0 0.0 1.00 0.00 10.000.m 10,000.00 0.00 io,ooono 
0.0 1.00 0.00 0.00 0.00 50.000.00 50,ooono 1 LS 0 2N 
EllOREG 1 LS 350 ~ 5 0 . 0  n.14 n.771.75 0.00 0.00 0.00 27,77175 
EllOREG 1 LS 350 360.0 n.14 n.771.75 0.00 0.00 0.00 27,771.75 
E120REG I LS 900 900.0 W.13 62.219.35 0.00 0.00 0.00 62.21935 
GMDREG I LS 900 300.0 35.47 31,925.99 0.00 0.00 0.00 31,92599 
Mo20REG I LS 1800 1,900.0 112.40 202,314.35 0.00 0.00 0.00 202,31435 
P070REG I LS 900 900.0 76.59 68.929.19 0.00 0.00 0.00 68,329.19 
P07DREG I LS 450 450.0 76.59 54,464.60 0.00 0.00 0.00 54,45460 
P070REG 1 LS 450 450.0 76.59 51,4M.W 0.00 0.00 0.00 54,45460 
E I S R E G  I LS 1800 1,800.0 95.71 172,295.23 0.00 0.00 0.00 in.285.n 
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P070REG I LS 450 4500 7559 5146460 0 00 
10 
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E"gi"&q 
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Table begins on next page. 
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Table G-7. Approach 2a Cost Estimate. 
Table begins on next page. 
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Cost Estimate 
Title: IPS 2ndWssIe Traamsnt Project APPTOBC~ Za (Transier Bnne t o T 0  
Estlmalor: BOD Wllllmson 
@ CH2MHILL - HanfordGroup. Inc ESI NO: zi7n-opt 2a DW: 512712008 
21 I L S O  0.0 1.00 0.00 0.00 0.00 40.000.00 40.00090 
24 1 LS 0 0.0 1.00 0.00 0.on 0.00 80,00000 eo.ooono 
24 1 LS 0 0.0 1.00 0.00 0.00 0.00 ioo,ooo.m tm,ooo.m 
EO5C-REG 1 LS 900 900.0 75.89 =,2963 0.00 0.00 0.00 68.296.90 
21 1 LS 0 0.0 1.00 0.00 0.00 0.00 50.000.00 50,00090 
EOSO-REG 1 LS 450 450.0 75.88 34,148A5 0.00 0.00 0.00 W.148A5 
5,302275 08 1,580,8)5 40 2,343,241 E4 8,226325 02 
5,302,275.08 1,500,695.~ 2,04&24CII 9,226925.02 
FJW 
r n a n n n a 32 
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Table G-8. Approach 2b Cost Estimate. 
Table begins on next page. 
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Table G-9. Approach 3 Cost Estimate. 
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